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It is an honor for me having been entrusted with editing this new third edition 
of the standard textbook Pediatric Uroradiology; however, it took quite some 
time and effort get everything done. 

Looking back over time to the first edition of this textbook more than a 
decade ago, one realizes that not that much has changed for many queries in 
spite of ongoing discussions on varying concepts, experts’ opinions and rec- 
ommendations, new insights into pathophysiology, and new imaging options 
as well as new applications of existing modalities or refinement of existing 
techniques. And still, there is restricted high-level evidence for deciding on 
how to best image our pediatric patients for many pediatric urogenital 
conditions. 

Nevertheless, some basic trends can be observed and are also reflected in 
this new edition. There is a general tendency towards reducing invasiveness 
and radiation burden to our pediatric patients, and it is widely recommended 
to more strictly adhere to a “therapeutic thinking efficacy,” i.e., imaging must 
have an impact on patient treatment and management. Thus, the numbers of 
voiding cystourethrograms have in most centers significantly decreased, anti- 
biotic treatment for uncomplicated vesicoureteric reflux is less often pre- 
scribed, or intravenous urography has been mostly outdated and replaced by 
modern ultrasound or MRI for the common pediatric queries. 

Additionally, the growing economic pressure (in the USA with the aim of 
making money from health care, in Europe for saving money by restricting 
medical services) has led to a new thinking and concept in pediatric medi- 
cine and also pediatric radiology, i.e., only treatment and related diagnostic 
measures that impact further outcome, prognosis, and development are 
administered. Thus, imaging modalities that probably do not necessarily 
effect patient morbidity and mortality are questioned, particularly if they 
imply invasiveness or burden such as radiation, sedation, or contrast agent 
application. 

Finally, considering the new development towards “personalized medi- 
cine” and the growing demand for interdisciplinary diagnostic and therapeu- 
tic approaches, additional in-depth knowledge on clinical basics, diagnostic 
needs, embryology, and pathogenesis, as well as therapeutic options and con- 
sequences, is becoming indispensable for the radiologist to enable an under- 
standing of what imaging must provide in terms of diagnosis and management 
decision information. In the recent years, fetal imaging has become an estab- 
lished part of pediatric uroradiology, too: not only that it detects conditions 
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that have to be addressed after birth by pediatric radiology but increasingly 
pediatric radiologists are performing fetal body MR imaging themselves. 

Taking all these aspects into consideration, this new edition has been 
restructured into four main sections: the methods, the anatomy and embryol- 
ogy, the clinical information, and the imaging section. As such, it contains 
some new chapters — e.g., a completely new chapter on fetal imaging has 
been introduced, and dedicated clinical chapters are provided that shall offer 
acomprehensive insight into the various conditions and diseases. Furthermore, 
all old chapters have been revised or updated and some were completely 
rewritten. New illustrations have been added and recent new knowledge, 
insights, and changes in imaging approaches (e.g., contrast-enhanced ultraso- 
nography; modern MRI applications and techniques) have been integrated. 
Hence, this third edition aims to address all these aspects, but without disre- 
garding the valuable and necessary established “old” imaging procedures that 
may still be indicated for well-defined diseases and conditions. 

As with this diversity of approaches and persisting restricted evidence in 
many of the pediatric uroradiology conditions, a somewhat varying and par- 
tially overlapping presentation of the individual contributors to this third edi- 
tion is intended — in order to allow for an informed reflection of the continuous 
re-orientation process in pediatric urogenital imaging. To achieve this objec- 
tive, a broad context and knowledge of all possible options and conditions 
that are mandatory for understanding are provided clearly to satisfy the needs 
of practicing pediatric radiologists, pediatricians, pediatric surgeons, urolo- 
gists, and nephrologists. Furthermore, up-to-date information and reference 
are provided for researchers. 

Only with the help of the distinguished and renowned faculty of interna- 
tional experts in the field of diagnostic and interventional pediatric uroradiol- 
ogy as well as neighboring fields (e.g., pediatric surgeons/urologists/ 
nephrologists and pediatricians) who contributed to this revised new edition, 
this new edition hopefully a has become comprehensive volume containing 
all the latest advances thus fulfilling the demands of a textbook covering all 
aspects at the most modern and newest of the art. 

Last but not least, I want to acknowledge the dedication and expertise of 
each contributor and I thank all authors sincerely for their hard efforts and 
their excellent contributions as well as their patience. I do hope that — as the 
first two editions — this new edition will again become a standard working and 
reference text for pediatric urogenital radiology that helps in improving our 
service to the pediatric patients, the future generation. 


Graz, Austria Michael Riccabona 
2018 


Never before in the history of pediatric uroradiology have concepts, expert 
opinions and recommendations changed as significantly and as quickly as 
over the last 5—7 years. Even established scientific concepts which we thought 
would never be debated again, are now back on the discussion table. This 
even applies to the treatment and imaging management of very common but 
serious nephrourological disorders such as urinary tract infection and vesico- 
ureteric reflux, where the benefit of antibiotic prophylaxis and therefore the 
role of imaging are called in to question. These changes are not only triggered 
by the latest scientific findings, some of which contradict formerly estab- 
lished scientific concepts, but by the growing awareness of evidence-based 
medicine and, last but not least, also by new imaging techniques and 
technologies. 

However, many old concepts still remain and many facts established in the 
last millennium are still true and pertinent today. This leads to some confu- 
sion even among experts, who are still searching for consensus-based imag- 
ing management recommendations. 

Therefore, the invitation to compile a second revised and extended edition 
of the book Pediatric Uroradiology came at the right moment. In many 
aspects, the first edition could be used as a reliable basis for the development 
of the second edition. Thus this new book embraces both the new, taking 
recent advances in knowledge and technology into account, and the old. It is 
a complete rewrite where necessary, containing new contents with regard to 
latest developments such as genetics, and it provides the newest recommen- 
dations and discussions on clinical and imaging management of common 
nephrourologic disorders. 

Thanks to the contributions of the distinguished and renowned interna- 
tional experts in the field of diagnostic and interventional pediatric uroradiol- 
ogy and of neighbouring fields such as genetics and pediatric nephrourology, 
a comprehensive volume containing all the latest advances could again be 
prepared, fulfilling the demands of a textbook covering all aspects of pediat- 
ric uroradiology in its broadest context. This book should satisfy the needs of 
the practising (pediatric) radiologist, pediatrician, pediatric surgeon and urol- 
ogist; it should also offer up-to-date information and references to the 
researcher. 

In view of the ongoing, rapid and significant changes, it was the intention 
of the editor to include a number of somewhat varying and overlapping views 
of the individual contributors for this second edition. Precisely this approach 
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guarantees the requisite comprehensiveness and allows a degree of diversity 
reflecting the continuous reorientation process in pediatric uroradiology. 

Again, it was a great honour and pleasure to work as an editor for this book 
project. I would like to acknowledge the dedication and expertise of each 
contributor, and I thank all of them sincerely. 

Mrs. Irene Stradner, my secretary, was an indispensable member of our 
team; she did a marvelous job for this book project and I would like to express 
my warmest gratitude to her. 

I hope that this second revised edition will again become a standard work- 
ing and reference text for pediatric uroradiology. 


Graz, Austria Richard Fotter 


A substantial change in the diagnostic and therapeutic management of uro- 
genital disorders in children has taken place in recent years. There are two 
main reasons for this phenomenon: first, the growing integration of (new) 
imaging modalities such as magnetic resonance imaging and helical com- 
puted tomography and of advanced ultrasound techniques into pediatric uro- 
radiologic imaging protocols; second, dramatic advances in our knowledge 
on the natural history of important urogenital pathologies of childhood as a 
consequence of maternal—fetal screening ultrasound. 

Changing indications and limitations and comprehensive multimodality 
interpretation should be in the field of the (pediatric) radiologist’s expertise. 
To enhance the role of the radiologist, she/he should have a profound knowl- 
edge of urinary symptoms as well as the principles of medical and surgical 
treatment in children and should also be able to interpret laboratory data. 

This growing challenge for the (pediatric) radiologist seems to justify the 
idea of a book specifically devoted to pediatric uroradiology. Therefore, we 
were delighted to be invited by the series editor, Prof. Baert, to write such a 
book. Thanks to the contributions of the well-known international experts in 
the field of diagnostic and interventional pediatric genitourinary radiology 
who wrote the different chapters, a comprehensive volume could be prepared 
fulfilling the demands on a textbook covering all aspects of pediatric uroradi- 
ology in its broadest context. The book is written to satisfy the needs of the 
practicing radiologist and pediatrician but also to offer up-to-date informa- 
tion and references to the researcher. 

In view of the above-mentioned changes in the field, one central goal was 
to discuss the reorientation of diagnostic and interventional radiological 
approaches to problems of the pediatric genitourinary tract and to elucidate 
the contributions made by different diagnostic and interventional uroradio- 
logic techniques. 

The focus of this book is primarily the point of view of the (pediatric) 
radiologist, but it offers all the necessary information for the pediatrician, 
pediatric surgeon and urologist as well putting decisions on imaging manage- 
ment on a reasonable basis. To meet the demands on a (pediatric) radiologist 
today, pertinent clinical observations, important pathophysiologic concepts, 
operative options, postoperative complications and clinical as well as radio- 
logical normal values have been included. 

Dedicated chapters are devoted to specific problems of the newborn and 
infant, such as imaging and interpretation of upper urinary tract dilatation, 
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postnatal imaging of fetal uropathies, associated urinary problems with 
imperforate anus, epispadias—exstrophy complex and lower urinary tract 
anomalies of urogenital sinus and female genital anomalies. 

Detailed discussions focus on the management of common problems in 
pediatric uroradiology such as urinary tract infection, vesicoureteric reflux 
and functional disorders of the lower urinary tract including enuresis and 
incontinence. 

In dedicated contributions, embryology and the changing anatomy and 
physiology and pathophysiology of the growing organism are discussed to 
facilitate understanding of the disease processes and anticipated complica- 
tions and form the rationale for interventions. 

Specific chapters deal with agenesis, dysplasia, parenchymal diseases, 
neoplastic diseases, stone disease, vascular hypertension, renal failure and 
renal transplantation and genitourinary trauma in children. Specific problems 
of childhood neurogenic bladder are discussed. 

Interventional uroradiologic procedures in children are discussed in full 
detail not only to show their value in treatment and diagnosis of a given prob- 
lem, but also to serve as a source guiding the performance of these 
interventions. 

It was the intention of the editor to respect the views of the individual 
contributors as far as possible. This is reflected in a diverse writing style and 
some degree of overlap and repetition. In the opinion of the editor, just this 
approach guarantees the necessary comprehensiveness. 

After an always enjoyable time as editor I would like to acknowledge the 
dedication and expertise of each contributor; I thank all of them sincerely. 
Mrs. Renate Pammer, my secretary, was an important member of our team 
and I would like to express my warmest gratitude to her for the excellent job 
she did for this book project. 

We all hope that this book will be accepted as the standard working and 
reference text for pediatric uroradiology. Moreover, we hope that it will prove 
useful to physicians in training and specialists alike as a reference source dur- 
ing preparation for examinations and conferences. The bibliography should 
readily satisfy the needs of all kinds of readers. 


Graz, Austria Richard Fotter 
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paediatric radiology practice. In children, the 
lack of specificity of abdominal symptoms and 
the high prevalence of renal and urinary tract 
disease justify the high volume of these requests. 
Recent technological advances have signifi- 
cantly improved the diagnostic capabilities of 
existing imaging modalities and have further 
introduced advanced imaging applications in 
routine clinical practice, maximising the diag- 
nostic yield. From a radiologists’ perspective, it 
is important to know the clinical indications for 
the requested examination and what the referring 
physician expects of its results, so that the appro- 
priate examination will be undertaken. Direct 
communication with the referring physician is 
always recommended, especially if there is any 
discrepancy between the examination request 
form, the medical records and the parents/chil- 
dren’s interview. 

This chapter aims to give a comprehensive 
overview of the diagnostic imaging procedures 
most commonly used for evaluation of the pae- 
diatric urinary tract. We hope it will provide 
the background for understanding the indica- 
tions and the strategies on how to perform 
properly each examination and refresh some 
basic understanding of the anatomy as neces- 
sary for properly performing and reading these 
studies. X-ray procedures, conventional ultra- 
sound and advanced ultrasound applications 
(e.g. Doppler techniques, extended field of 
view, harmonic imaging, contrast-enhanced 
ultrasound, sono-elastography) as well as com- 
puted tomography are described. Intravenous 
urography will only be mentioned briefly, as it 
has largely been replaced by magnetic reso- 
nance urography and is less frequently per- 
formed in children today, though in some, 
particularly low resource settings, it still may 
be the only available tool, and some potential 
indications still exist. Each subsection starts 
with the main indications for the study con- 
cerned, followed by updated technical and 
procedural recommendations and imaging 
strategies. Normal findings and clinical 
background as well as established query- 
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defined imaging algorithms are discussed in 
the respective chapters of the book. 


2 Kidneys-Ureter-Bladder 
Radiograph 

2.1 Introduction 

A plain film of the abdomen, known as kidneys- 
ureter-bladder (KUB) radiograph, is a widely 
available and relatively inexpensive imaging 
modality, frequently requested for initial evalu- 
ation of various abdominal pathologies and con- 
ditions (Dorfman et al. 2011). It is an 
anteroposterior radiograph, obtained in supine 
position and coned to include the abdomen from 
the diaphragm to the symphysis pubis, flank to 
flank. 


2.2 Indications 

A KUB film can provide preliminary overview 
information in children with suspected congeni- 
tal, obstructive, traumatic, inflammatory or neo- 
plastic processes and might be useful in 
differentiating gastrointestinal from urological 
conditions. However, it is important to mention 
that although KUB films are frequently and eas- 
ily requested as a baseline imaging examination, 
they yield low diagnostic outcome in terms of 
accurately characterising intra-abdominal pathol- 
ogy. For this reason, KUB films have largely 
been supplanted in paediatric diagnostic practice 
by ultrasound as a highly sensitive and radiation- 
free first-line imaging modality. Other common 
queries for KUB films include evaluation of cath- 
eters, stents, drains and other medical device 
positioning, as well as search for foreign bodies 
(Rothrock et al. 1992). 

Designated evaluation of the urinary tract 
on a KUB film warrants careful assessment of 
kidneys’? soft tissue densities that provides 
basic information regarding their size, shape 
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Fig. 1 KUB radiograph, in a neonate with autosomal 
recessive polycystic kidney disease (ARPKD). Distention 
of the abdomen with bulging of both flanks, central distri- 
bution of bowel loops and medial deviation of the 
descending colon are highly indicative of bilateral mas- 
sive renal enlargement 


and position and may reveal related abnormali- 
ties (Fig. 1). The transverse processes of the 
lumbar vertebrae act as anatomic landmarks 
for the course of the ureters. The latter insert 
into the urinary bladder at the level of the 
ischial spines. 

A KUB film can reveal radiopaque stones 
along the urinary tract and reassess their size and 
position after urologic interventions (Fig. 2). 
Additionally it can demonstrate cortical or med- 
ullary calcifications related to a variety of meta- 
bolic, genetic or acquired pathologic conditions 
(Fig. 3) (Habbig et al. ). Urolithiasis and 
nephrocalcinosis should be differentiated from 
extra-urinary calcifications such as adrenal calci- 
fications, appendicoliths or pelvic phleboliths 
(Rothrock et al. 1992) (Fig. 4). The presence of 
irregular calcifications associated with a soft tis- 
sue mass and bowel displacement is indicative of 
a neoplastic process and further dedicated imag- 
ing is typically performed for further diagnosis 
and staging (Fig. 5). 


Fig. 2 KUB radiograph, in a 7-year-old female with per- 
sistent urinary tract infection from Proteus mirabilis. 
Partial staghorn calculus within the left kidney, forming a 
cast of the renal pelvis (asterisk) and branching within at 
least three major calyces (arrows) 


Fig.3 KUB radiograph in a 16-year-old female with sys- 
temic lupus erythematosus and hypercalcaemia. Clusters 
of calcifications are deposited centrally within both kid- 
neys, corresponding to the shape and position of the renal 
pyramids, consistent with medullary nephrocalcinosis 


Fig.4 KUB radiograph, in a 5-year-old male with prena- 
tal history of asphyxia. Adrenal calcifications: bilateral 
dense calcifications, with triangular configuration, located 
in the region of the adrenal glands, adjacent to the spine 


Fig. 5 KUB radiograph, in a 13-month-old male with 
palpable abdominal mass. The presence of abundant 
amorphous calcifications, associated with soft tissue den- 
sity mass located centrally within the abdomen and 
extending to the level of the upper pelvis, causing dis- 
placement of bowel loops. Further diagnostic workup con- 
firmed that the mass was consistent with neuroblastoma 
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Interpretation of KUB films should also 
include careful evaluation of the visualised skel- 
etal structures of the spine, pelvis and lower ribs. 
Vertebral and genitourinary abnormalities are 
frequently associated due to the skeletal- 
genitourinary embryologic link at the early stages 
of development. Additionally, in cases of poor 
renal function, slip of the femoral epiphysis may 
occur, or renal osteodystrophy may become 
obvious. 


2.3 Equipment 

Significant technological innovations have 
resulted in the development of high-end digital 
radiography systems with many advantages over 
the traditional film-screen-based technology. The 
latter has been replaced in many radiology 
departments, although may still be present in 
lower resource settings. Modern radiography sys- 
tems, including direct digital radiography and 
computed radiography, acquire images of high 
contrast and resolution and achieve also dose 
reduction, provided that the settings, filters and 
algorithms are adapted to paediatric needs and 
patients’ age (Korner et al. ; Sorantin : 
Don et al. ). Obtained radiographs are trans- 
ferred to dedicated workstations and can be elec- 
tronically archived and retrieved for future 
reference without loss of image quality. These 
can be further configured with advanced post- 
processing techniques to achieve optimal imag- 
ing display on a case-required basis. Moreover 
images can be readily accessible by other physi- 
cians within the hospital network and be even 
remotely distributed, contributing to significant 
workflow efficiency, provided the respective 
viewing stations have a diagnostically sufficient 
monitor resolution. 


2.4 Acquisition Technique 

Prior to KUB examination, all clothes should be 
removed, since contained metallic zippers, buttons 
and other clothing parts might obscure substantial 
findings if projected within the examined area. 
Diapers should also be removed, particularly if 
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wet, in order to avoid the overlying appearance of 
the characteristic coalescent, nodular, radio-dense 
artefact caused due to urine absorption by the dia- 
per polymer (Markowitz et al. 2009). This artefact 
may significantly interfere with imaging of the 
lower pelvis structures. Hospital gowns, if avail- 
able, should be provided. 

The child is positioned supine on the examina- 
tion bed and is temporarily immobilised, usually 
with the help of the parents who can be present 
during the examination, with special attention to 
avoid overlying of artifactual densities within the 
imaged field of view. 

Local lead shields should be used to protect 
radiosensitive organs, such as the thyroid, eyes, 
breast buds and gonads, whenever it is feasible, 
particularly if not interfering with the region of 
interest. 

The wide range of paediatric body sizes plays 
a significant role in the radiographic technique. 
Selection of the appropriate image receptor size 
relative to the child’s body size is necessary to 
improve image quality and decrease the amount 
of scattered radiation. Most KUB radiographs 
are obtained at 110-115 cm source image dis- 
tance (SID). Proper beam collimation is required 
for all patients to limit the exposure to the ana- 
tomic area of interest. The use of grids, although 
can effectively eliminate scatter radiation in 
adults, is not suggested in small children. 
However it should be considered an option in 
adult-size adolescents and obese children, with 
body parts more than 10-12 cm in thickness 
(Willis 2009). Similarly, the use of automatic 
exposure control (AEC) sensors, although is typ- 
ically preferred to deliver consistent exposure in 
adults, is not suggested in children, as these sen- 
sors tend to remain partially or completely 
uncovered and thus inactive in small-size chil- 
dren, leading to noise-degraded images (Goske 
et al. 2011). Therefore, manual selection of kVp 
and mAs settings in children is suggested, tai- 
lored to patient size and clinical indication, with 
low kVp techniques (60-75 kVp) being gener- 
ally preferable depending on the detector speci- 
fications (Willis 2009; Goske et al. 2011; Don 
et al. 2013). 

The exposure should be taken when the child 
is still, to avoid blurred images and potentially 


repeated examination. Images should be reviewed 
for diagnostic quality before the patient is 
released. 


Take Away 

A KUB film provides baseline overview 
evaluation of various abdominal patholo- 
gies and conditions, however, with quite 
low diagnostic yield in characterising intra- 
abdominal pathology. It has been largely 
supplanted in most of its indications with 
ultrasound. 


3 Ultrasound 


3.1 Introduction 

Ultrasound (US) is a non-invasive, highly sensi- 
tive, widely available and cost-effective imaging 
modality that is routinely used as the first-line 
examination for the diagnosis of several devel- 
opmental and acquired conditions and diseases 
of the urinary tract in children (Muller-Ording 
2014; Riccabona 2014a, b). The lack of ionising 
radiation and the excellent anatomic resolution 
owing to the small amount of fat in children 
make US an outstanding technique for paediatric 


population. 
Technological progress has significantly 
improved the diagnostic capabilities of 


conventional US and contributed to the devel- 
opment of novel US applications, such as har- 
monic imaging, high-resolution techniques, 
speckle and motion reduction filters, the vari- 
ous Doppler sonography options, extend field 
of view imaging, contrast-enhanced US imag- 
ing and sono-elastography, that have further 
expanded imaging potentials in clinical and 
research settings. 


3.2 Indications 

US imaging of the urinary tract is performed for 
a wide range of clinical indications (Riccabona 
et al. 2008; Muller-Ording 2014; Riccabona 


2014a, b). A considerable number of children are 
referred for US due to a prenatal finding, most 
commonly urinary tract dilatation detected dur- 
ing maternal-foetal US. Postnatally, depending 
on whether or not the child requires immediate 
intervention, the first US is performed during the 
first day(s) of life or can be delayed until after 1 
week of age. Therefore, in newborns with prena- 
tally detected high-grade urinary tract dilatation, 
particularly if bilateral, if involving a single kid- 
ney, if associated with dysplastic renal paren- 
chyma or if posterior urethral valves are 
suspected, an early US examination is recom- 
mended (Fig. 6). Other reasons for an early study 
are detection of a suspected ectopic kidney and 
complex urogenital malformations before exces- 
sive overlying bowel gas obscures the deeper 
structures (see respective chapters). Otherwise, in 
newborns with mild-to-moderate prenatal urinary 
tract dilatation, postnatal US can be performed 
later after birth (usually a period of at least 4-5 
days is recommended), when the physiological 
immaturity and the relative dehydration of the 
neonatal kidney have been resolved (see chapters 
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“Congenital Anomalies of the Renal Pelvis and 
Ureter” and “Upper Urinary Tract Dilatation in 
Newborns and Infants and the Postnatal Work up 
of Congenital Uro-nephropathies’”). US can iden- 
tify an underlying dilating abnormality of the uri- 
nary tract, often caused by obstructive uropathy 
(see chapters “Congenital Urinary Tract 
Dilatation and Obstructive Uropathy” and “Upper 
Urinary Tract Dilatation in Newborns and Infants 
and the Postnatal Work Up of Congenital Uro- 
nephropathies”). Alternatively, if vesicoureteral 
reflux (VUR) is suspected, additional imaging 
studies [voiding cystourethrography (VCUG) or 
contrast-enhanced voiding urosonography (ce- 
VUS)] can be further scheduled (see chapter 
“Vesicoureteric Reflux”). In the follow-up of 
children with either obstructive or refluxing 
abnormalities, including children who underwent 
surgical intervention, US can assess interval renal 
growth and the degree of the collecting system 
dilatation (Riccabona et al. 2009) (see chap- 
ters “Surgical Procedures and Indications 


for Surgery” and “Postoperative Imaging and 
Findings”). 


Fig. 6 Postnatal ultrasound in a neonate with prenatal 
diagnosis of urinary tract dilatation. (a, b) Greyscale 
ultrasound, performed in the first day of life, shows 
marked pelvicaliectasis with cortical thinning and 
decreased corticomedullary differentiation in both kid- 
neys (here only the right kidney is shown), as well as dif- 
fuse bladder wall thickening and trabeculation, indicative 


of bladder outlet obstruction. (c) Voiding cysteourethrog- 
raphy, revealed the presence of posterior urethral valves, 
seen as linear filling defects in the flow of contrast during 
voiding (arrow), causing disproportional dilation of the 
posterior urethra (arrowhead) compared to the normal 
calibre anterior urethra. The bladder wall trabeculation 
and the multiple diverticula are again visualised 
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Urinary tract infection (UTI) is another 
common indication for renal US. Determination 
of renal involvement is of utmost importance 
to identify if a given patient should require 
intensive treatment and further imaging evalu- 
ation. The markedly improved US technology 
and up-to-date scanning protocols with high- 
resolution imaging including colour/power 
Doppler sonography techniques have contrib- 
uted to a significant increase in US sensitivity 
to effectively and reliably detect early and 
subtle renal abnormalities in cases of 
UTI. These findings include focal or gener- 
alised renal enlargement, increased echo- 
genicity of the renal parenchyma with reduced 
corticomedullary differentiation and focal or 
diffuse areas of decreased perfusion (Fig. 7). 
US can also play a significant role in the fol- 
low-up of these cases to confirm response to 
treatment or to rule out abscess formation and 
to search for long-term complications such as 
renal scarring (Dacher et al. 1996) (for details 
see chapters “UTI and VUR” and “Imaging in 
Urinary Tract Infections”). 

US is also very helpful in establishing the 
initial diagnosis of various nephropathies in 
children as well in the follow-up of these 
patients (Avni et al. 2012; Riccabona et al. 
2012). US can detect the majority of nongenetic 
and genetic cystic kidney diseases, including 


cystic/multicystic dysplastic kidney, and auto- 
somal dominant (ADPKD) or recessive poly- 
cystic kidney disease (ARPKD), respectively, 
and guide renal biopsy and evaluate for poten- 
tial associations or complications (see chapters 
“Congenital Anomalies of the Renal Pelvis and 
Ureter’, “Imaging in Prune Belly Syndrome and 
Other Syndromes Affecting the Urogenital 
Tract”, and “Imaging in Renal Agenesis, 
Dysplasia, Hypoplasia and Cystic Diseases of 
the Kidney”). 

In children with palpable abdominal mass, US 
and plain abdominal films are usually sufficient 
to establish the diagnosis, which is then confirmed 
and staged by contrast-enhanced MRI or CT (see 
chapter “Neoplasms of the Genitourinary 
System”). In children with spontaneous haematu- 
ria, US can often rule out significant urolithiasis 
or malignancy. 

In cases of acute renal failure, US can find or 
exclude (major) thrombosis of renal vessels 
(Fig. 8) or infectious disease (Hibbert et al. 1997; 
Moudgil 2014) (see chapters “Renal Failure and 
Renal Transplantation’, “Neurogenic Bladder in 
Infants and Children” and “Imging in Renal 
Parenchymal Disease”). Haemolytic-uremic syn- 
drome is one of the main causes of acute renal 
failure, especially in children, and US can con- 
firm the diagnosis and monitor the recovery of 
these patients (Igarashi et al. 2014). 


Fig. 7 Ultrasound examination in an 8-year-old female 
presented with fever and emesis. (a) Greyscale renal ultra- 
sound. Diffusely increased echogenicity, with loss of cor- 
ticomedullary differentiation, is noted in the middle and 


upper pole of the right kidney (arrowheads). (b) Power 
Doppler mode reveals decreased perfusion in the respec- 
tive area of the right kidney. The constellation of these 
findings is suggestive of acute pyelonephritis 


Fig. 8 Acute main renal vein thrombosis. (a) Power 
Doppler ultrasound, longitudinal plane. The kidney is 
enlarged with diffusely hyperechoic cortex and the 
absence of blood flow on power Doppler mode within the 
main renal vein, suggestive of acute renal vein thrombo- 


In patients with arterial hypertension, US can 
detect renal scarring, hypoplasia or nephropathy. 
Colour/power Doppler sonography of renal ves- 
sels and parenchyma can orient the diagnosis 
toward vascular cause (see chapter “ 

”); however, the variable coopera- 
tion of children may limit the contribution of 
Doppler sonography, and therefore renal angiog- 
raphy remains the reference examination. 

After blunt abdominal trauma, haematuria is 
very common, and its grade does not correlate 
with the severity of the injury. Multi-detector CT 
is the unanimous gold-standard examination in 
cases of severe and multiple trauma. However, 
when US is optimally performed, it seems able to 
exclude severe renal injury and detect most rele- 
vant findings, reducing the need for CT in 
moderate trauma (Fig. 9) (see chapter “ 

”) (Amerstorfer et al. ). For 
follow-up, US and/or MRI should be used for 
radiation protection issues. 

Periodic US screening is recommended in 
children with characteristics that are known to be 
associated with benign or malignant renal 
tumours, including aniridia, hemihypertrophy, 
Denys-Drash syndrome, Beckwith-Wiedemann 
syndrome and tuberous sclerosis (Fig. 10). In 
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sis. (b) Spectral Doppler mode, transverse scan at the 
level of the renal hilum, reveals diminished flow into a 
segmental branch of the main renal artery with increased 
peak systolic flow velocities, indirect signs of renal vein 
thrombosis 


Fig.9 Greyscale ultrasound in a 16-year-old female with 
history of blunt abdominal trauma. Significant disruption 
of the parenchymal architecture in the middle aspect and 
upper pole of the right kidney (arrowheads) is consistent 
with kidney laceration. The heterogeneously echogenic 
region (asterisk) extending from the subcapsular area 
along the Gerota’s fascia (arrows) represents an associ- 
ated perinephric haematoma 


patients with malformations highly associated 
with renal abnormality, such as the VA(C)TER(L) 
association, imperforate anus, internal genital 
anomalies and Fanconi anaemia, US examination 
of the urinary tract is recommended for complet- 
ing a comprehensive diagnosis. 

Ultrasound imaging before and after renal 
transplantation is important for the evaluation of 
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Fig. 10 Greyscale ultrasound of the right kidney, longi- 
tudinal plane, prone position. Multiple echogenic foci 
noted within the renal parenchyma are in keeping with 
angiomyolipomas in this patient with history of tuberous 
sclerosis 


the donor and the recipient (see chapter “Imaging 
in Renal Failure, Neonatal Oligoanuria, and 
Renal Transplantation”). Non-invasive, longitu- 
dinal evaluation of renal allografts is based on 
serial US and colour/spectral Doppler examina- 
tions and measurement of resistance and perfu- 
sion indices (Riccabona et al. 2012). 

Ultrasound can estimate bladder wall morphol- 
ogy and bladder capacity in children with neuro- 
genic bladder or other non-neurogenic voiding 
dysfunction (see chapters “Urinary Problems 
Associated with Imperforate Anus”, “Epispadias- 
Exstrophy Complex”, “Non-neurogenic Bladder- 
Sphincter Dysfunction (“Voiding Dysfunction’)’, 
and “Neurogenic Bladder in Infants and Children”). 

Finally, US can be used as a guide for inter- 
ventional procedures. Renal biopsy, nephrostomy 
tube placement and abscess drainage can be per- 
formed using real-time US guidance (Feneberg 
et al. 1998; Lungren et al. 2014) (see chapter 
“Pediatric Genitourinary Intervention”). 


3.3 Equipment 

Advances in US technology have significantly 
improved the quality of an US image (Riccabona 
et al. 2008; Muller-Ording 2014; Riccabona 
2014a, b). The availability of a wide variety of 
curved and linear array transducers with broad 
bandwidth frequency range including also higher 
frequencies up to 18 MHz allows high-resolution 
imaging and adequate penetration over the entire 
spectrum of children ages, body sizes and body 
compartments ranging from small preterm babies 


Fig. 11 Greyscale ultrasound. Extended field of view. 
Extended field of view for accurate measurement of blad- 
der size thus enabling a reliable depiction of the increased 
capacity in this case of bladder function disorder with the 
presence of internal echogenic debris 


to adolescents and even including obese patients. 
Curved array transducers are usually selected for 
orienting morphologic evaluation of the urinary 
tract and in older children, while linear transduc- 
ers enable further detailed, high-resolution imag- 
ing and exquisite imaging in neonates. The 
examiner must select the appropriate transducer 
according to the age and size of the patient, the 
anatomic location and the tissue composition of 
the depicted structure and adjust image parame- 
ters in order to optimise image quality, including 
depth of view display, output energy and gain, 
focus number and zone, depth gain compensation 
and zoom (Muller-Ording 2014; Riccabona 
2014a). 

Tissue harmonic imaging is an imaging mode 
available in most modern US scanners and is used 
to increase contrast resolution reducing noise and 
artefacts. Thus, the image clarity is significantly 
improved, enabling more conspicuous visualisa- 
tion of the internal echotexture and the borders of 
the examined structure (Bartram and Darge 2005; 
Darge and Heidemeier 2005). The panoramic or 
extended field of view imaging option can be 
selected if a lengthy field of view in a single scan- 
plane is required, such as in cases of enlarged 
polycystic kidneys or renal transplants (Fig. 11). 
Application of motion mode (M-mode) may allow 
evaluation and quantification of movement 
changes over time such as ureteral peristalsis 
(Fig. 12) (Riccabona et al. 1998). Power Doppler 
sonography (also named amplitude-coded colour 


Fig. 12 M-mode sonography. In M-mode sonography, 
the variation of echoes motion through a single line of 
information is continuously displayed over time. In this 
case, M-mode through the plane of the dilated left retro- 
vesical megaureter (dotted line) convincingly demon- 
strates the absence of peristaltic motion 


Fig. 13 Power Doppler sonography. Normal peripheral 
pararenchymal vascularisation at the level of the lower 
half of the left kidney 


Doppler sonography) allows identification of 
blood flow within an operator-defined region of 
interest (Fig. 13) (Riccabona 2000; Riccabona 
et al. 2001). Colour Doppler sonography enables 
visualisation of blood flow directionality as an 
assigned colour in a colour-coded map 
superimposed into a B-mode US image. Spectral 
analysis based on pulsed wave Doppler sonogra- 
phy can be further applied, if measurements of 
blood flow velocities and analysis of the flow spec- 
trum are required. These measurements include 
peak systolic, end diastolic, systolic/diastolic ratio 
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or resistive and pulsatility indices. All currently 
available transducers have available colour and 
power Doppler sonography modes integrated. 


3.4 Preparation 

The child should be well hydrated before the 
examination for adequate distension of the col- 
lecting system and for proper assessment of the 
bladder. Oral uptake of clear liquids should be 
performed prior to the visit. Parents are encour- 
aged to be present during the whole examination. 
Every study should start with an explanation to 
the parents and to the child if he or she is old 
enough to understand. 

In case the US examination is performed in 
the intensive care unit, radiologists and technolo- 
gists should follow basic rules of neonatal and 
intensive care. Incubator doors should be kept 
closed as much as possible, and extreme caution 
should be taken to prevent any catheter or tube 
contamination or withdrawal. Examinations 
should be performed as quickly and silently as 
possible, without omitting or missing essential 
aspects only for time reasons. 


3.5 Scanning Technique 

A generous amount of coupling agent (gel) 
should be applied along the entire area to be 
scanned, preferably prewarmed to body tem- 
perature to increase child’s tolerability and 
comfort during the exam. Hygiene measures 
should be taken to avoid bacterial or fungal 
overgrowth. 


3.5.1 Lower Urinary Tract 

US examination should start with imaging of the 
bladder, especially in newborns and infants, since 
reflex micturition is frequent when the transducer 
is placed on the abdominal wall. Examination of 
the full bladder includes analysis of urine echo- 
genicity and the bladder wall morphology. 
Normal bladder content should be anechoic, and 
the bladder wall should be smooth, with a maxi- 
mum 3 mm thickness when full and 6 mm when 
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empty (Jequier and Rousseau 1987). It is 
extremely important to look for dilated ureter(s) 
behind the bladder or an ureterocele inside it 
(Fig. 14). In children with normally shaped blad- 
ders, bladder capacity can be assessed by the 
ellipsoid equation: Volume (ml) =0.53 x D x H x 
W (D, depth; H, height; W, width in centimetres) 
(refer to chapter “Normal Values” for normal val- 
ues) (Roehrborn and Peters 1988). Embedded 
software can automatically and accurately esti- 
mate bladder capacity and residual urine after 
micturition, provided the bladder has an ovoid 
shape — otherwise the correction factor has to be 
adapted. These estimations are particularly 
important in patients with neurogenic bladders or 
any kind of voiding dysfunction. 

Ureteral jets are depicted with colour Doppler 
sonography “or modern non-Doppler-based flow 
imaging technique such as “B-flow’(GE 
Healthcare) or Superb Micro-Vascular Imaging, 
namely “SMI” (Toshiba) (Fig. 15)”. Although 
their clinical significance has been a subject of 
literature debate, visualisation may be helpful in 
order to ascertain a degree of renal function, indi- 
cate the absence of acute obstruction or confirm 
the opening of a ureteral orifice within the blad- 
der. Finally, the transperineal approach can be 
used to visualise the urethra, particularly in cases 
of posterior urethra valves in boys, and to assess 
lower urogenital tract malformations in girls 
(Fig. 16) (Teele and Share 1997; Berrocal et al. 
2002; Schoellnast et al. 2004; Riccabona 2014a). 


3.5.2 Upper Urinary Tract 

Real-time scanning of the kidneys and ureters 
should then follow. Adequate access of the 
examined structure is obtained with the child in 
supine and prone positions. Curved and linear 
array transducers can be used alternatively dur- 
ing both positions, although the lower penetra- 
tion of linear transducers makes prone position 
most preferable. In cooperative, older children 
instructions for inspiration and breath holding 
may further improve the acoustic window. 
However, in a moving, playing or crying child, a 
variety of positions, sometimes unconventional 
as the opportunity arises, are often necessary for 
the examination. 


Fig. 14 Postnatal ultrasound in a neonate with prenatal 
diagnosis of lower urinary tract obstruction. Greyscale 
ultrasound shows dilation of the distal ureter (arrowhead) 
which ends into a thin-walled saccular outpouch prolaps- 
ing into the bladder, consistent with ureterocele 


Fig. 15 Colour Doppler sonography. Transverse scanning 
of the bladder. Bilateral ureteral jets. Colour Doppler 
sonography enables the detection of urine flow arising from 
the ureteral orifices bilaterally — note the asymmetry 


Morphologic evaluation of kidneys includes 
measurements of the longitudinal and transverse 
dimensions and calculation of the overall renal 
volume. The latest has been considered more sen- 
sitive to reflect changes in size compared to mea- 
surement of the length alone and can be assessed 
by the ellipsoid equation: Volume (ml)=0.53 x D 
x H x W (D, depth; H, height; W, width in centi- 
metres) (refer to chapter “Normal Values” for nor- 
mal values). In most modern US scanners, 


Fig. 16 Greyscale US in tissue harmonic imaging mode. 
Transperineal scanning of the urethra in a male neonate dur- 
ing voiding attempt. Normal configuration of the prostatic 
(p), membranous (m) and anterior (a) urethra during voiding. 
Bladder neck (asterisk). Note the indention at the level of the 
pelvic floor — not to be mistaken for a urethral valve 


incorporated software can automatically generate 
renal volumes, which are reliable as long as the 
kidney has an ellipsoid shape. Results have to be 
compared to those of prior examinations (sono- 
graphic, prenatal or others) as well as to normal 
values. Measurement of the anteroposterior/axial 
diameter of the renal pelvis is performed in trans- 
verse plane (refer to chapter “Normal Values” for 
normal values). Variability and peristaltic motion 
should be recorded if present. Moreover, evalua- 
tion of the urothelial thickness at the level of the 
renal pelvis using high-frequency linear transduc- 
ers has been shown to be of diagnostic value in the 
setting of inflammatory processes involving the 
kidney and may further indicate an obstructive or 
refluxing condition (Fig. 17) (Sorantin et al. 1997). 
Echogenicity of the cortex and medulla is assessed 
in comparison to that of the adjacent liver and 
spleen. Knowledge of the physiologic changes in 
echogenicity of the cortex and medulla between 
newborns and older children is essential for accu- 
rate interpretation of the imaging findings. 
Evaluation of renal vasculature and perfusion 
of the kidney can be performed in colour and 
power Doppler sonography modes, respectively. 
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Fig. 17 Greyscale US in tissue harmonic imaging mode 
using a high-resolution linear transducer. Urothelial thick- 
ening sign. Transverse scan at the level of the renal pelvis 
reveals thickening of the urothelium with increased muco- 
sal echogenicity (arrow) 


Colour Doppler sonography enables differentia- 
tion between prominent hilar vessels from dilated 
renal pelvis, provided provided adequate setting 
of the scale also for low flow velocities. In some 
cases, pulsed wave duplex sonography is per- 
formed for spectral analysis to evaluate renal arte- 
rial flow waveforms, and measurements are 
obtained at three kidney parts (upper and lower 
pole as well as middle aspect) and in three sites 
along the renal arteries’ course (proximal, middle, 
distal site in relation to the aorta) using the best 
accessible patient’s position. 

Labelled serial static images and video clips 
can be obtained and saved in dedicated 
archiving systems to be available for retrospec- 
tive review. 


Take Away 

Ultrasonography performed in a compre- 
hensive fashion using modern techniques 
as well as standardised approach and scan- 
ning protocol is an outstanding modality 
with high diagnostic yield in detection, 
potential differentiation and follow-up of 
urinary tract pathologies in children. 
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4 Contrast-Enhanced 
Ultrasonography 
4.1 Introduction 


Contrast-enhanced ultrasonography (ce-US) has 
been gaining increasing use in the field of diag- 
nostic imaging (Claudon et al. 2008; Piscaglia 
et al. 2012; Piskunowicz et al. 2012; Riccabona 
2012; Claudon et al. 2013). It is performed with 
US and use of a dedicated US contrast agent 
(UCA) that can be administered intravenously or 
intracavitarily. There are two distinct intracavi- 
tary applications of ce-US performed either with 
UCA administration into physiological cavities 
or with UCA injection into non-physiological 
cavities and fistulas. In paediatrics, ce-US with 
the intravesical UCA administration, namely, 
contrast-enhanced voiding urosonography, is the 
most common ce-US application. 

Since their introduction in diagnostic prac- 
tice, UCAs have been strikingly evolved to 
become clinically and commercially applicable. 
A real breakthrough took place with the develop- 
ment of the first generation of stabilised UCAs. 
These agents comprised of air microbubbles 
encapsulated within a stable outer shell of dif- 
ferent composition, generally comprised of pro- 
teic, lipidic or polymeric materials. Currently, 
the first-generation air-filled UCAs have been 
commercially replaced by the second-generation 
UCAs comprised of gas-filled microbubbles. 
Their improved physic-chemical properties, 
combined with the remarkable advances in US 
technology, further increased microbbubles 
detection in real time (Darge 2010). Most mod- 
ern US scanners use contrast harmonic imaging 
softwares and low mechanical index (MI) tech- 
nology that is based on the nonlinear oscillation 
of the UCA microbubbles and the transmission 
of an amplified US signal without causing micro- 
bubbles destruction. Selection among several 
display modes can further improve microbubbles 
visualisation, including contrast enhancement 
mode only, contrast enhancement as a colour 
overlay on the grey scale image and background 
subtraction options. Moreover, most US scanners 
are equipped with the dual display mode, where 


the image can be split into two parts and the 
examined area can be displayed side-by-side in 
contrast imaging and greyscale mode, providing 
the anatomic landmark information to ensure in 
plane scanning. 

The most commonly used UCAs in paediatric 
applications are SonoVue® (Bracco, Milan, Italy) 
comprised of sulphur hexafluoride gas microbubbles 
stabilised within a shell of phospholipids (registered 
and approved as Lumason® in the USA) and 
Optison™ (General Electric Healthcare, Princeton, 
NJ) comprised of perflutren gas microbubbles stabi- 
lised within a human serum albumin outer shell. 
Sonazoid® (Daiichi Sankyo, Tokyo, Japan; GE 
Healthcare) composed of perfluorobutane gas 
within a phospholipid shell has been widely used in 
adult population in Japan (Piscaglia et al. 2012; 
Claudon et al. 2013). 

It is important to note that at the time that the 
current chapter was prepared, none of the com- 
mercially available second-generation UCAs was 
approved for paediatric intraveous indication in 
Europe; however, in the USA, since 2016, the 
second-generation UCA Lumason® (Bracco, 
Milan, Italy) has been approved for pediatric 
intravesical and intravenous liver applications 
and in Europe, SonoVue was approved for intra- 
vesical use in childhood. The indications that will 
be described below are partially still performed 
off-label in children in Europe, though a broader 
approval for paediatric applications is expected. 
That means that currently parents/legal guardians 
and/or children themselves, if applicable, should 
be thoroughly informed regarding the risks and 
benefits of the examination and should provide 
their consent prior to the examination. 


4.2 Contrast-Enhanced Voiding 


Urosonography 


Contrast-enhanced voiding urosonography 
(ce-VUS) is a highly sensitive, radiation-free imag- 
ing modality for the detection and grading of vesi- 
coureteral reflux (VUR) in children. It entails 
bladder catheterization and intravesical UCA 
administration (Darge 2008a, b). Ce-VUS has 
become integrated into routine diagnostic practice, 
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and in many institutions it is used as the primary 
diagnostic option for VUR imaging, replacing con- 
ventional ionising modalities such as voiding cys- 
tourethrography (VCUG) and scintigraphy. Several 
comparative studies have been conducted so far, all 
demonstrating the high diagnostic accuracy of ce- 
VUS when compared to its ionising counterparts. 
Most importantly, ce-VUS has been shown not 
only to be more sensitive to detect more cases of 
VUR but also of higher grade, hence of higher 
clinical significance (Papadopoulou et al. 2007). 

No serious adverse events have been described 
so far regarding the intravesical use of UCAs in 
children. A few complaints, mainly dysuria, have 
been reported, but these are most likely related to 
the inevitable catheterisation process, rather than 
the contrast agent itself (Riccabona 2012; Darge 
et al. 2013b; Papadopoulou et al. 2014). 


4.2.1 Procedure 

Urine analysis should be performed prior to ce- 
VUS to ensure that urine is sterile. If the patient 
is being treated for UTI, antibiotics must be com- 
pleted, and urine analysis should be repeated 
prior to ce-VUS. The use of prophylactic antibi- 
otics has also been recommended in the immedi- 
ate period before and after ce-VUS. However, 
there is ongoing discussion on when to give ther- 
apeutic and when to give prophylactic antibiot- 
ics, and this is often individualised according to 
the clinical history and the patient’s age. 

Before proceeding with the examination, it is 
important to take time and inform the parents — 
and the child if he or she is old enough — about the 
examination. Psychological consequences of ure- 
thral catheterisation should not be underestimated. 
Post-procedural minor discomfort can occur, and 
it seems less worrisome when announced. 
Discussion with trained health professionals might 
be of help to prepare children and families to better 
cope with the overall stress of the examination. 

The patient is positioned supine on the exami- 
nation table. Initially, a baseline US examination 
of the urinary tract is performed. Then, experi- 
enced personnel catheterise the bladder under 
aseptic conditions. In some institutions, the cath- 
eter is already placed at the paediatric ward 
allowing the child (and the bladder) to adapt to 
the situation. A four to eight French feeding tube 
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is recommended. Local anaesthetic, e.g. lido- 
caine gel, should be used to decrease patient dis- 
comfort and lubricate the urethra. The suprapubic 
approach can be alternatively used in neonates 
with posterior urethral valves and in children in 
whom catheter placement may be difficult or 
painful (urethral trauma, hypospadias, cloacal 
malformation, religious aspects). After catheter 
placement, the bladder is completely emptied, 
and a sterile urine specimen is used to confirm 
the absence of active inflammation and may be 
retained for culture if clinically indicated. 

The UCA dose is related to the bladder filling 
capacity, which is age dependent and is calculated 
by the Koff formula as follows: Volume 
(mL)=[child’s age+2] x 30 (Koff 1983). The 
most commonly reported dosage schemes for the 
second-generation UCAs range from 0.5 to 1 % of 
UCA per bladder filling volume, although a lower 
dose of 0.2 % has also been shown to be adequate; 
this may also depend agent itself and the contrast 
visualization technique available visualisation 
technique available (Riccabona et al. 2014). The 
company recommendation is a dose of | ml. 

Two techniques have been described for UCA 
intravesical administration. The first technique 
requires partial filling of the bladder with saline 
by drip infusion, up to approximately one third of 
the age-related bladder capacity. Then UCA is 
directly injected into the bladder through a three- 
way valve, with no filters in place, and the bladder 
is filled with saline up to the maximum age- 
related bladder capacity; potentially, fractionated 
administration of the total UCA dose may be an 
option to avoid obscuring the far field (Darge 
2008a). Alternatively, UCA can be directly 
injected into a plastic bag of saline, and the resul- 
tant UCA/saline solution is subsequently infused 
into the bladder via gravity (Duran et al. 2012). In 
the latter case, use of a pressure gauge or periodic 
direct injection of normal saline through the 
three-way valve might be necessary to produce 
homogenous distribution of the microbubbles 
within the bag or the bladder, respectively. 
Regardless of whether UCA is diluted with saline 
inside or outside the bladder, the common princi- 
ple of both techniques is to avoid direct contact 
and potential interaction of the UCA, in its con- 
centrated form, with the bladder uroepithelium. 
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The plastic bottle with normal saline or the 
UCA/saline solution is usually hanged approxi- 
mately 40 cm above the level of the bladder to 
enable a physiologic filling pressure, especially 
in cases of recent bladder or urethral surgery. 

Once UCA is introduced into the bladder, 
scanning of the bladder and the retrovesical space 
is performed with the patient in supine position. 
Then, scanning of the kidneys is performed alter- 
natively and continuously in supine or prone 
position. The dual-screen display mode is prefer- 
ably used to confirm anatomic scanning. VUR 
diagnosis is established if echogenic microbubbles 
are present in the ureters, renal pelvis and/or the 
calyces (Fig. 18); VUR in ce-VUS is graded into 
five grades in a similar manner to the interna- 
tional grading system for VUR applied with 
VCUG (Darge and Troeger 2002). However, 
additional information can be acquired with ce- 
VUS, such as the presence of VUR into a previ- 
ously dilated or non-dilated collecting system as 
well as the presence of intrarenal reflux, which 
has been associated with increased risk of associ- 
ated parenchymal damage. 

The whole ce-VUS procedure can be repeated 
in a cyclic manner, with the aim to increase VUR 
detection rate (Novljan et al. 2003; Papadopoulou 
et al. 2006). In this case, multiple cycles of blad- 
der filling and voiding, usually two to three times, 
with the catheter remaining in place are per- 
formed. This is due to the intermittent nature of 
the VUR phenomenon, and therefore the pro- 
longed real-time US imaging without the issue of 
ionising without the issue of ionizing exposure, 
thus further increasing the possibility to detect 
VUR. The last cycle is dedicated to urethra imag- 
ing during voiding. Transperineal and/or transab- 
dominal approach and high-resolution linear 
multifrequency transducers are used to delineate 
the urethral lumen and detect urethral pathology 
(such as posterior urethral valves, urethral diver- 
ticulum or stenosis of the urethra lumen) (Fig. 19) 
(Berrocal et al. 2005; Duran et al. 2009; Duran 
Feliubadal6 et al. 2015). While performing ce- 
VUS, sterile precautions are extremely important 
in all patients. The whole procedure usually lasts 
around up to 20-30 min. 

Recently, novel ce-VUS applications have been 
increasingly explored in children. The availability 


Fig. 18 Contrast-enhanced voiding urosonography (ce- 
VUS) in contrast harmonic imaging mode. Grade III vesi- 
coureteral reflux. Echogenic microbubbles are seen 
refluxing within the ureter (arrow) and the bifid renal pel- 
vis of the right kidney (arrowhead) with mild dilation and 
blunted configuration of the lower calyces (Image cour- 
tesy of Dr. Frederica Papadopoulou, University of 
Ioannina and Pediatric Ultrasound Center, Thessaloniki, 
Greece) 


of three-dimensional (3D) and four-dimensional 
(4D) contrast-enhanced US imaging techniques 
enabled acquisition of 3D image datasets that 
allow for multiplanar reconstructions, volumetric 
rendering and spatial rotation display options even 
in real time. These techniques provide volumetric 
visualisation of the refluxing collecting system 
and may be proved of added value in a more pre- 
cise evaluation of VUR grade, and a more compre- 
hensive representation of the imaging findings that 
is easier appreciated by the clinicians (Wozniak 
et al. 2014b). 

In addition, ce-VUS can be performed intra- 
operatively to directly assess the effectiveness of 
endoscopic injection of anti-reflux bulking 
agents, potentially increasing operative success 
rates and reducing the number of reoperations 
(Wozniak et al. 2014a). 


Take Away 

Ce-VUS is a radiation-free and highly sen- 
sitive alternative imaging modality for the 
detection and grading of VUR and imaging 
of urethra morphology in children. 
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Fig. 19 Contrast-enhanced voiding urosonography (ce- 
VUS) in contrast harmonic imaging mode. Scanning dur- 
ing micturition. (a) Normal male urethra. Echogenic 
microbubbles are seen within the bladder (asterisk) and 
the urethra lumen, with normal dimensions of the poste- 
rior (arrowhead) and anterior (arrow) urethra. (b) Normal 


Contrast-Enhanced 
Ultrasonography 

with Intravenous 
Administration of Ultrasound 
Contrast Agents 


4.3 


Contrast-enhanced ultrasonography (ce-US) with 
intravenous (IV) UCA administration has been 
gaining increasing use in a variety of oncologic, 
traumatic or inflammatory indications (Valentino 
et al. 2008; Catalano et al. 2009; Mccarville et al. 
2012; Piskunowicz et al. 2012; Quaia et al. 2012; 
Jacob et al. 2013; Ripolles et al. 2013; Coleman 
et al. 2014; Menichini et al. 2015). TV ce-US does 
not involve radiation exposure, permits real-time 
scanning and enables accurate depiction of any 
rapid changes in enhancement patterns. Also, the 
study may be repeated if necessary, and renal 
impairment does not contradict the IV use of 
UCAs (refer to Fig. 37.5). Liver applications and 
trauma imaging are the most commonly reported 
indications in paediatric patients. 

Particularly in the field of paediatric uroradiol- 
ogy, the most frequently reported indication of IV 
ce-US is imaging of the kidneys as an integral or tar- 
geted part of abdominal IV ce-US examination in the 
clinical setting of trauma (Valentino et al. 2008; 
Catalano et al. 2009). It can be performed as bedside 


female urethra. The stream of microbubbles during void- 
ing delineates the conical configuration of the normal 
female urethra (arrowhead) (Image courtesy of Dr. 
Frederica Papadopoulou, University of Ioannina and 
Pediatric Ultrasound Center, Thessaloniki, Greece) 


examination, in haemodynamically stable patients, 
with minimal to moderate low-energy trauma as ini- 
tial examination and/or as follow-up examination of 
known injuries that are treated conservatively. It can 
also be proved useful in the diagnostic workup of 
trauma patients with negative baseline US and per- 
sistent clinical and/or laboratory suspicion of solid 
organ injury (Riccabona et al. 2014). Other less fre- 
quent indications of IV ce-US in paediatric uroradi- 
ology include detection and characterisation of renal 
lesions and evaluation of treatment response after 
chemotherapy sessions as well as renal transplant 
evaluation (Correas et al. 1999; Coleman et al. 2014). 


4.3.1 Procedure 

Prior to IV ce-US, no blood or urine tests are 
required to assess renal function. An IV line with 
adequate flow should be established for UCA 
administration and in anticipation of any poten- 
tial adverse events that may require fluid or IV 
medication infusion; any bacterial filter must be 
avoided. Monitoring of vital signs during the pro- 
cedure is recommended. 

The United States Federal Drug Adminstration 
(FDA) approved dose of Lumason® for pediatric 
liver IV ce-US applications is 0.03 mL/Kg up 
to a maximum of 2.4 mL per injection. Before 
Lumason® approval, variable dosage schemes 
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have been reported in the literature, depending 
on the UCA type, US equipment, patient’s age 
and clinical indication (please refer to chapter 
“Contrast Agents in Childhood: Application and 
Safety Considerations”) (Riccabona et al. 2014). 
Regarding SonoVue®, the most frequently used 
single dose is that of a 2.4 ml, in school-age chil- 
dren (as recommended for adults) which might 
be repeated, if needed. 

Initially a baseline pre-contrast abdominal US 
examination is performed. In every case, the 
examination needs to be tailored to the specific 
clinical query. A single UCA dose is adminis- 
tered one for each abdominal side, with a repeated 
dose if necessary (after the UCA has dissolved, 
usually within 15 min after initial injection). 
Examination may start from the side of increased 
clinical concern or side with “positive” findings 
after the baseline US. In each side, the kidney is 
the first organ to be scanned, because of its quick 
parenchymal enhancement pattern. There is 
approximately a 2—3 min adequate scanning win- 
dow from the onset of enhancement and through- 
out the phase of homogeneous renal parenchyma 
enhancement. Transverse and longitudinal views 
with the patient in supine position, using addi- 
tional lateral and dorsal approaches, when possi- 
ble, are acquired. Imaging of the liver and spleen 
may follow on each side, depending on the clini- 
cal query (Valentino et al. 2008; Catalano et al. 
2009). Static images and particularly video clips 
should be obtained during the examination and 
stored in order to be available for retrospective 
review. 

As with any contrast agent that is used in radi- 
ology practice, adverse events might occur with 
UCA administration. These events, although 
extremely rare, may vary from mild discomfort to 
life-threatening emergencies. Minor and moder- 
ate adverse events may include but are not lim- 
ited to nausea, vomiting, cough, headache, 
itching, pallor, flushing and chills. Serious 
adverse events include hypersensitivity, allergic 
or anaphylactic reaction with tachycardia/brady- 
cardia or cardiac arrest, bronchospasm, laryngeal 
oedema, angio-oedema and hypotensive shock. 
These events mostly occur acutely (within min- 
utes up to | h following injection), theoretically 


also subacutely (within the next 24 h) or delayed 
(after 24 h). The radiologist in charge should be 
trained to recognise the onset and type of any 
potential adverse event related to UCA adminis- 
tration, and precautionary measures should be 
taken. They include careful patient selection, 
adequate monitoring of vital signs and available 
resuscitation equipment. So far, a few extremely 
rare episodes of serious anaphylactic reactions 
after IV UCA administration have been reported 
in children, as well as some cases of minor, tran- 
sient, self-limited adverse events (Riccabona 
2012; Darge et al. 2013b; Piskunowicz et al. 
2015; Rosado and Riccabona 2016). 


Take Away 

Intravenous ce-US can provide high diag- 
nostic yield as an alternative or problem- 
solving radiation-free imaging modality in 
specific clinical settings in children, often 
obviating the need for further imaging or 
other invasive procedures. 


5 Sono-elastography 


Sono-elastography is an advanced US applica- 
tion that provides non-invasive information 
regarding the inherent elasticity properties of 
biological tissues. It has been predominantly 
performed in the liver to assess pathological 
alterations related to hepatic fibrosis and cirrho- 
sis (Bamber et al. 2013; Goya et al. 2014; Ozkan 
et al. 2014; Pico Aliaga et al. 2014; Stenzel and 
Mentzel 2014). In the field of uroradiology, two 
types of renal pathology might be detected and 
quantified by US elastography: first, localised 
changes in elasticity properties produced by neo- 
plasm, infection, scarring and/or infarction and 
second and most commonly, diffuse changes of 
cortical fibrosis in renal transplants and chronic 
kidney nephropathies (Grenier et al. 2013). This 
might be of utmost clinical importance since cur- 
rent laboratory and imaging methods are non- 
specific or not sensitive enough in detecting 
slowly evolving disease. 
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There is a wide variety of technologies avail- 
able for sono-elastography performance, and 
even more new technologies are constantly being 
developed. The basic principle is that the propa- 
gation velocity of an US wave through a biologi- 
cal tissue is directly related to its elastic 
properties. These properties are associated with 
the ability of the tissue to restore the displacement 
that its elements undergo after application of a 
deformation force (shear wave). Tissue deforma- 
tion can be caused mechanically or by US-induced 
forces. 

Static or strain elastography is one of the first 
developed elastography techniques that uses 
compression forces to generate mechanical tissue 
excitation. These forces are applied either 
actively by gentle pressure of the transducer or 
passively by physiological motion (cardiovascu- 
lar, breathing movements). This technique 
directly depends on the appropriate application 
of mechanical pressure to the examined tissue; 
thus, the objectivity and the reproducibility are 
largely operator dependent. 

A newer technique of sono-elastography is 
dynamic and transducer-immanent elastography. 
This technique employs automatically generated 
acoustic radiation force impulses (ARFIs) that 
induce shear waves within a freely selectable tar- 
geted region of interest (ROI). The velocity of 
this shear wave propagation is measured in metre 
per seconds (m/s) and is directly related to the 
stiffness (kPA) of the tissue within this ROI. The 
stiffer the tissue, the higher is the shear wave 
velocity. By measuring tissue element displace- 
ments, shear wave elastography is able to provide 
objective qualitative and quantitative information 
on tissue stiffness that can be also displayed in 
colour-coded maps (Fig. 10). 


Take Away 

Sono-elastography can provide additional 
information regarding the elastic properties 
of a tissue, enabling qualitative and quanti- 
tative evaluation of the underlying pathol- 
ogy; however, at present this is only applied 
in research settings. 
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6 Voiding Cystourethrography 


6.1 Introduction 

Voiding cystourethrography (VCUG) has been 
for decades a frequently performed fluoroscopic 
procedure in paediatric radiology departments 
and is considered a reliable diagnostic option for 
detection and grading of VUR and urethral imag- 
ing in children. VCUG, however, uses ionising 
radiation that in addition to the overall somatic 
exposure involves direct irradiation of the gonads, 
particularly in girls. Moreover, due to the inter- 
mittent nature of VUR phenomenon, prolonged 
examination times may be required, raising even 
higher the overall radiation exposure. 

In the last decades, evidenced-based data 
emerged regarding the association of VUR with 
UTI pathogenesis has turned the diagnostic inter- 
est into identifying children at risk for renal 
scarring, whether or not VUR is present (the so- 
called “top-down” approach). This new scientific 
knowledge coupled with the increasing awareness 
of the radiation risks for diagnostic purposes and 
the availability of ce-VUS as a highly sensitive, 
radiation-free imaging alternative have all con- 
tributed to a more critical approach regarding the 
role of VCUG in diagnostic imaging algorithms 
(Pohl and Belman 2009). Evaluation of clinical 
indications, respect of the As Low As Reasonably 
Achievable (ALARA) principles and choice of 
alternative procedures, if available, continue to 
be of great significance in daily practice to avoid 
unnecessary radiation exposure of paediatric pop- 
ulation (Riccabona 2002; Riccabona et al. 2008). 


6.2 Indications 

Most recent recommendations indicate that 
VCUG can be performed after the first episode 
of febrile UTI - if US reveals urinary tract dilata- 
tion, scarring or other findings that would sug- 
gest either high-grade VUR or lower obstructive 
uropathy such as posterior urethral valves or ure- 
thral diverticulum, as well as in other atypical 
or complex clinical circumstances and workup 
of malformations, e.g. a dilated ureter. Patients 
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with cloacal anomalies, ambiguous genitalia 
or imperforate anus can also be explored with 
VCUG (see chapters “Female Genital Anomalies 
and Important Ovarian Conditions”, “Urinary 
Problems Associated with Imperforate Anus” 
and “Epispadias-Exstrophy Complex”). 


6.3 Equipment 

Major innovation in fluoroscopic equipment 
allowed significant radiation dose reduction 
while maintaining and at times even improving 
image quality (Cleveland et al. 1992). Such inno- 
vations include digital X-ray equipment and use 
of pulsed fluoroscopy with last-image hold tech- 
nique (Fig. 20). This technique captures the last 
fluoroscopic frame or even a series of frames in a 
cine-loop-like video enabling adequate docu- 
mentation without creation of additional images. 
This modern equipment has advantageously 
replaced the film-screen combination that should 
no longer be used to perform VCUG in children. 


6.4 Preparation 

No diet restrictions or preparation with enema is 
recommended prior to VCUG, with some pro- 
moting reduced fluid input to increase VUR 
detection rate. Regarding urine analysis and use 
of prophylactic antibiotics, similar principles to 
those applied for ce-VUS are also recommended 
for VCUG (see above). The addition of Refobacin 
(gentamicin-based antibiotic) into the contrast 
drip has also been suggested to prevent the initia- 
tion or exacerbation of existing infections during 
the VCUG procedure. 

The use of light sedation can be used for 
VCUG performance. It might be applied in unco- 
operative toddlers or in cases of major anxiety and 
should preferably be organised in collaboration 
with the department of anaesthesiology. In these 
cases, e.g. midazolam can offer minimal light 
sedation during which the child is in a relaxed 
state but awake and able to respond. Midazolam® 
is usually administered orally (0.5-0.6 mg/kg, 
maximum 15 mg) or intranasally (0.2 mg/kg, 


Fig. 20 VCUG. Pulsed fluoroscopy with “last-image 
hold” feature and inversion of image contrast. Bilateral 
grade IV vesicoureteral reflux. “Last-image hold” feature 
enables the last frame of fluoroscopic image to be dis- 
played on the monitor and be captured, even when the 
fluoroscopy has been terminated 


maximum 15 mg). Inhalation of an equimolecular 
mixture of nitrous oxide and oxygen (Entonox®) 
in fasting children is also being routinely used in 
many institutions (Schmit and Sfez 1997). 


6.5 Procedure 

While performing VCUG, sterile precautions are 
extremely important in all patients. Same princi- 
ples regarding bladder catheterisation apply with 
ce-VUS and VCUG. Recommendations have 
been issued to allow for a standardised procedure 
(Riccabona et al. 2008). The patient is positioned 
supine on the examination table, and the bladder 
is completely emptied after the catheter place- 
ment. Radiopaque (low concentration if avail- 
able) contrast agent is instilled via gravity into 
the bladder under intermittent pulsed fluoro- 
scopic observation. Documentation is mostly suf- 
ficiently achieved by using the last-image hold 
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Fig. 21 VCUG. Pulsed fluoroscopy and “last-image 
hold” feature and inversion of image contrast. Ureterocele. 
(a) A smooth round filling defect is seen within the 


technique. However, for high-resolution, detailed 
images of subtle pathology (e.g. intrarenal reflux, 
urethral pathology), normal exposures may 
become necessary. The bottle with the contrast 
agent can be hanged approximately 30 to 40 cm 
above the level of the bladder to enable a some- 
what physiologic filling pressures. Bladder filling 
capacity is age related and is calculated by the 
Koff formula: Volume (mL)=[child’s age +2] x 
30 (Koff 1983). Typically, the bladder is filled up 
to the maximum for age volume; however, in 
cases of megabladder, the actual filling volume 
may exceed the expected for age maximum fill- 
ing bladder capacity. 

Observation of the contrast dripping pattern 
may disclose valuable information regarding the 
presence of bladder dysfunction (Fotter et al. 
1986). (See chapter “Video-Urodynamics” and 
“Non-neurogenic Bladder-Sphincter Dysfunction 
(“Voiding Dysfunction”)”’, where the details of 
this modified VCUG technique are described). 
Interruption or back flow can be due to contrac- 
tions of the detrusor muscle when an unstable 
bladder is present. 

In both genders, early-filling last-image cap- 
ture of the bladder is required and may reveal an 
intravesical ureterocele as a smooth rounded 
filling defect. Ureteroceles may collapse if the 
bladder is completely filled and thus cannot be 
seen or their visualisation becomes obscured 


bladder, consistent with ureterocele (arrowhead). (b) 
With continuing bladder filling, the ureterocele collapses 
and cannot be further visualised 


due to the projecting strong contrast of filled 
large bladder (effacement) (Fig. 21). Later on, 
under maximal intravesical pressure, a uretero- 
cele may become everted outside the bladder 
through the para-ureteric fossa (eversion) — 
sometimes only detectable by oblique views 
(Fig. 22). Anteroposterior views of the bladder 
and the renal fossae should be obtained to dem- 
onstrate if VUR is present, which side is affected 
and to what degree, as well as to look for intra- 
renal reflux (Fig. 23) (Lebowitz et al. 1985). 
These views are also helpful to analyse the anat- 
omy of the excretory system, including VUR 
into the lower or upper pole of a duplex system, 
and association of VUR and pelvi-ureteric junc- 
tion obstruction in the same renal unit. Right 
and left oblique or lateral views are necessary to 
search for retrovesical refluxing ureters and to 
reveal the ureterovesical junction anatomy, dis- 
closing the presence of periosteal diverticula or 
potentially refluxing ectopic ureters. 

Cyclic filling is helpful to increase VUR 
detection rate, particularly in infants and young 
children who tend to void at lower filling vol- 
umes (Paltiel et al. 1992; Papadopoulou et al. 
2002; Kadioglu et al. 2006). The bladder volume 
at the time of VUR and the VCUG cycle should 
be recorded. 

For imaging of the urethra, the catheter may 
or may not be removed during voiding. In gen- 
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Fig. 22 VCUG. Ureterocele eversion. Pulsed fluoros- 
copy and “‘last-image hold” feature and inversion of image 
contrast. (a) Left-side ureterocele (arrowhead). (b) With 
continuing bladder filling, the ureterocele is everted and 


Fig. 23 VCUG. Pulsed fluoroscopy. Reflux of contrast 
material into the right collecting system, which appears 
dysmorphic, with significant intrarenal reflux throughout 
the entire kidney. These findings indicate high-grade vesi- 
coureteral reflux 


eral, removal of the catheter is suggested to 
facilitate free voiding unless another VCUG 
cycle will follow. However, the presence of the 
small, properly sized catheter should not inhibit 


filled with contrast. (c) After micturition, contrast remains 
within the everted ureterocele, while the bladder is com- 
pletely emptied 


visualisation of posterior urethral valves or the 
diagnosis of other significant urethral pathology 
(Lebowitz 6). During voiding, lateral views 
of the urethra in boys and anteroposterior (cen- 
tred, but sometimes also oblique) views of the 
urethra in girls are adequate to reveal any ure- 
thral pathology. Anteroposterior views of the 
bladder and the renal fossae should be obtained 
after voiding to assess contrast drainage from 
the kidney, if VUR was present. Moreover, a 
5-min delayed view is also valuable to evaluate 
contrast clearance in refluxing systems with 
some obstructive component, as VUR associ- 
ated with prolonged stasis is thought to increase 
the risk of severe infection. 

Estimators of radiation exposure, such as fluo- 
roscopic parameters used and fluoroscopy time, 
should be documented for calculation of the 
overall exposure dose. 


Take Away 

VCUG is a well-established imaging 
modality for VUR detection and grading as 
well as for urethral imaging in children 
and — when performed with modern tech- 
nology and according to appropriate acqui- 
sition techniques — can achieve high 
diagnostic yield with significantly reduced 
radiation exposure. 
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7 Retrograde Urethrography 


Retrograde urethrography has been traditionally 
used for imaging of the anterior urethra. The most 
common indication is to rule out traumatic urethral 
injury. This type of injury occurs predominantly in 
male adolescents, in the setting of high-energy 
trauma to the perineum, mainly during a direct 
blow or straddle injury or during vehicle accidents 
such as falling on the saddle or handlebars of a 
bicycle. Other less common indications for retro- 
grade urethrography are suspected congenital ure- 
thral anomalies including dilatations of the anterior 
urethra such as saccular or diffuse megalourethra 
before and after surgical reconstruction, as well as 
evaluation of post-traumatic, post-inflammatory or 
post-surgical complications such as urethral stric- 
tures or fistulas. 

Recently, a standardised recommendation on 
how to perform these studies in children has been 
issued (Riccabona et al. 2015). For performing 
the study, an age-appropriate Foley catheter is 
selected. It is important to flush the catheter with 
the contrast agent before placement in order to 
remove any existing amount of air. Under sterile 
conditions, the catheter is partially inserted in the 
urethral meatus, potentially under fluoroscopic 
guidance. When the tip is at the level of the fossa 
navicularis, the balloon is gently inflated with 
1-2 ml of saline or air to ensure stabilisation. A 
small amount of lidocaine gel can be used as local 
anaesthesia to alleviate discomfort, but excessive 
amount might cause poor balloon stabilisation. 

The patient is positioned in oblique position 
with the penis mildly stretched, in order to achieve 
visualisation of the full urethra length avoiding 
overlap with the femur. Water-soluble contrast 
material is slowly injected into the urethra in a ret- 
rograde fashion via the catheter under fluoroscopic 
guidance. The contrast flow allows distension of 
the penile, bulbar and membranous urethra. In 
most instances, the posterior urethra is not opaci- 
fied. This should not be considered abnormal, since 
it is caused by the action of the intrinsic sphincter. 
Lateral and oblique images are obtained (Fig. 24). 

The catheter may be further inserted into the 
bladder, and subsequent VCUG examination 
may follow, allowing for additional evaluation of 
the urethra during voiding. After the completion 
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Fig. 24 Retrograde urethrogram. The tip of the catheter 
is inserted into the distal urethra (arrow), and its balloon 
tip is inflated. Contrast is injected into the urethra in a 
retrograde fashion distending the normal-appearing ure- 
thra, with no evidence of a stricture or wall irregularity. 
The smooth tapering of the urethral lumen at the junction 
of membranous-prostatic urethra is normal 


of the examination, the balloon of the catheter is 
deflated, and the catheter is subsequently 
removed. 


Take Away 

Retrograde urethrography is indicated for 
evaluation of congenital, traumatic, inflam- 
matory and post-surgical anterior urethra 
pathology and should be performed in a stan- 
dardised fashion by experienced radiologists. 


8 Intravenous Urography 


Intravenous urography (IVU) was for decades 
an important imaging modality that was used 
for delineation of the urinary tract anatomy and 
evaluation of renal function and urinary excre- 
tion and drainage. With the advent of US, MRI 
and nuclear medicine, the role of IVU has been 
substantially diminished in routine practice. 
However, it can still be the one and only avail- 
able method in areas with restricted resources 
and can still be indicated in cases of ureteral or 
calyceal pathology, such as suspected ectopic 
ureteral insertion or calyceal diverticula, in 
cases of urolithiasis (if US is not available or 
insufficient for decision-making) as well as in 
cases of suspected renal or ureteral trauma as a 
delayed KUB view complementary to preced- 
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ing CT or if CT is not available at all. In these 
clinical settings, IVU can be used as the initial 
imaging examination and/or as follow-up 
examination when the primary diagnosis is 
known and specific queries decisive for 
patients’ management are to be determined 
(Riccabona et al. 2010). 

Due to the immaturity of the newborn kidney, 
IVU is typically performed after the first 4-6 
weeks of life. Knowledge of creatinine levels is 
required in all cases, and appropriate hydration is 
essential to avoid renal damage. Food and 
fluid uptake are not withheld from infants except 
for the feeding just prior to the examination. 
Bowel preparation is also not required in infants and 
small children but can be suggested in older chil- 
dren and adolescents. This usually includes admin- 
istration of bisacodyl suppositories (Dulcolax®) a 
few hours before the examination. 

An intravenous line should be established 
prior to the examination. The volume of the 
administered iodinated contrast agent should be 
age and weight adapted. The recommended dose 
ranges from 2.5 ml/kg, for children 1-year-old, to 
1.0 ml/kg, for children >4 years old (Riccabona 
et al. 2010). Following the IV administration of 
contrast agent, sequential evaluation of the renal 
parenchyma, pelvicalyceal system, ureters and 
bladder is performed. Modifications of the stan- 
dard IVU acquisition technique, regarding the 
number, timing and regions of exposures, are 
acceptable when individually tailored to obtain 
specific information (Riccabona et al. 2010). 
Acquisition of an early renal view 5 min follow- 
ing injection and a single late KUB film at 
15-20 min is usually sufficient. 


Take Away 

IVU under specific circumstances remains 
an important diagnostic option to obtain 
anatomic and functional information of the 
urinary tract; however, it has to be adapted, 
focussed and well indicated — and is not 
any longer a generally and routinely used 
imaging option in the paediatric urinary 
tract. 


9 Computed Tomography 
of the Urinary Tract 
(uro-CT) 

9.1 Introduction 

Computed tomography of the urinary tract 

(uro-CT) has become the mainstay in the field 

of adult uroradiology, for investigation of hae- 

maturia, abdominal trauma and complicated 
inflammatory or infectious conditions. In chil- 
dren, a number of factors need to be carefully 
weighted when considering or performing a CT 
examination. Children’s developing tissues are 
more sensitive to the effects of ionising radia- 
tion compared to adults, and their longer life 
expectancy increases the possibility to manifest 
a radiation-induced malignancy. Therefore, CT 
examinations particularly in the urinary tract 
can be conducted in children only if diagnosti- 
cally and clinically thoroughly justified, and if 
there is no other imaging alternative, and should 
be performed with special attention to minimise 
exposure while providing examinations of diag- 
nostic quality (Riccabona et al. 2010; Damasio 
et al. 2013; Darge et al. 2013a; Riccabona 2013; 
Amerstorfer et al. 2015). 


9.2 Indications 

Uro-CT should never be performed as a first- 
line investigation of the urinary tract in a child, 
with the exception of high-energy abdominal or 
polytrauma settings; however, non-ionising 
imaging examinations (US, MRI, IV ce-US) 
when feasible should be considered first. 
Additionally, children with complicated cases 
of urolithiasis (see also chapter “Imaging of 
Urolithiasis and Nephrocalcinosis”), unusual or 
severe urinary tract infections and renal or blad- 
der masses may be investigated with uro-CT, 
only if prior dedicated US is inconclusive or if 
MRI is not available. Renal CT angiography can 
be an option to assess renovascular disease in 
children with a low disease probability who are 
not directly referred to catheter angiography 
(Riccabona et al. 2010). 
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9.3 Preparation 

If contrast agent administration is planned, mea- 
surements of creatinine levels are of fundamental 
importance to ensure normal kidney function. An 
IV line is necessary, most preferably placed at a 
peripheral vein of the upper extremity. The larg- 
est possible size is chosen. Central lines should 
not be routinely used. However, in some patients 
with malignancy, peripheral veins are severely 
damaged, and a central catheter is the only pos- 
sible venous access. A fasting period is only 
required for sedated children (not for contrast 
agent injection). It should be limited to 2 h in 
young children and to 3 h in older ones, and 
dehydration should always be prevented —poten- 
tially by an intravenous infusion. 

Natural sleep is a relatively safe option to 
avoid undesirable patient’s movement during 
CT. Sleep deprivation is often successful, par- 
ticularly if unenhanced CT is performed and 
immobilisation is also strongly recommended. 
However, natural sleep is, not infrequently, dis- 
turbed in a busy and noisy CT room, and chil- 
dren tend to wake up or at least move particularly 
when the power contrast injection is performed. 
In general, if IV contrast is administered, seda- 
tion and immobilisation are strongly recom- 
mended. The most commonly used medications 
for sedation in children include midazolam, fen- 
tanyl, propofol and pentobarbital (Meyer et al. 
2007). Anaesthesiologists should preferably 
provide the sedation protocol and vital signs 
including heart rate; breathing rate and pulse 
oxymetry need to be closely monitored during 
the procedure and later to ensure patient’s safety 
(American Academy on Pediatrics and Dentistry 
2008). The venous access needs to be main- 
tained visible. 

Nonionic iodinated contrast agents are 
preferred because they have been shown to 
decrease the incidence of minor events. Weight- 
dependent dose schemes are applied rang- 
ing from 1.0 to 2.5 ml/kg (see also chapter 
“Contrast Agents in Childhood: Application and 
Safety Considerations” on contrast agents). Oral 
administration of water-soluble contrast agents 
or diluted barium sulphate (the child’s preferred 
liquid is recommended for dilution) can be used 
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to mark the gastrointestinal tract and is given 
about 45 min prior to the scan (Sorantin et al. 
2013). 

A child with a proven history of a severe 
adverse event with iodinated contrast agent should 
be referred to an anaesthesiologist with allergol- 
ogy skills who will make medical decisions about 
any further injection. If contrast injection is man- 
datory, a different contrast agent has to be selected. 
Patients with common allergies or asthma can be 
given an antihistamine medication for 24 h before 
examination. Latex allergy is a relative frequent 
occurrence in children with a history of multiple 
surgical procedures; latex-free materials and 
gloves should be used in such patients. 

Adverse reactions are rare in paediatric prac- 
tice. However, preventive measures should be 
taken, and any reactions that do occur should be 
managed in collaboration with anaesthesiolo- 
gists. Adverse events justify the presence of at 
least two persons during any examination with 
contrast agent injection (one to take care of the 
patient and one to call the anaesthesiologist). 
Severe allergic accidents can occur (tachycardia, 
severe hypotension), and radiologists and techni- 
cians should be aware of first-aid principles 
(good venous access, perfusion of saline solu- 
tion, oxygen, preparation of a syringe of diluted 
adrenaline). The emergency phone number 
should be visible from anywhere in the CT suite 
and dialled as soon as possible. Adrenaline can 
induce severe side effects. For this reason, it 
would be safer to have only anaesthesiologists 
administer it. Mild allergic accident (itching, 
urticaria) can be treated by corticoids and an anti- 
histaminic medication. 


9.4 Acquisition Technique 

The As Low As Reasonably Achievable 
(ALARA) principle should be a priority in pae- 
diatric CT. Size-, age- and organ-specific proto- 
cols in quality-controlled CT equipment should 
be applied. The variability of technical features 
in commercially available CT scanners (e.g. 
number of detector rows, detector sensitivity, 
rotation speeds, tube current, bore size) should 
be taken into consideration when designing 
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paediatric CT protocols. However, some practi- 
cal dose reduction strategies can be partially 
applied (Stover and Rogalla 2008; Nievelstein 
et al. 2010). 

Most vendors have available default paedi- 
atric scan protocols organised by body region. 
Selection of these protocols and even further 
optimisation, when possible, can achieve signifi- 
cant dose reduction. Local lead shields should 
be used to protect radiosensitive organs, such as 
thyroid, eyes, breast buds and gonads, particu- 
larly if not interfering with the scanning region — 
provided there is no “on the flight” automated 
dose adaptation. Centring of the patient within 
the gantry and the scanned field of view is essen- 
tial for dose reduction and image quality. CT 
parameters must be adjusted to minimise dose 
exposure and decrease scanning times: the scan 
region should be limited to the smallest neces- 
sary size and lower kVp and mAs settings, and 
increased pitch, higher rotation speed and wider 
collimation are suggested but should be bal- 
anced with image quality. If non-contrast scan- 
ning is planned, further dose decreasing can be 
achieved without affecting diagnostic reliability. 
In general there is a simple rule: if the images 
are very nice with a low noise level, one can try 
to reconstruct the dataset in a smaller slice thick- 
ness — if the images still turn out of diagnostic 
quality, one can reduce the dose usually by at 
least 20-30 % (Sorantin et al. 2013). 

Efforts should be made to tailor protocols to 
query (according to clinical indication and the 
results of preceding examinations). In the major- 
ity of cases, a single-scanning phase is sufficient 
(Riccabona et al. 2010; Damasio et al. 2013). 
Selection between an unenhanced, arterial, 
nephrographic or excretory phase can be per- 
formed according to the indication and the known 
findings from preceded examinations, usually 
US. A nephrographic phase is always informative 
(Fig. 25). In the setting of suspected injury of the 
collecting system, additional scanning during 
excretory phase might be necessary (Fig. 26). 
Alternatively, split-bolus technique should be 
considered an option for synchronous imaging 
during nephrographic and excretory phases while 
reducing the radiation dose. In this technique, 
splitting the contrast bolus in two parts, injecting 


Fig.25 Contrast-enhanced CT. Grade V laceration of the 
left kidney. Nephrographic phase. The left kidney appears 
enlarged with complete lack of parenchymal enhance- 
ment, indicative of kidney devascularisation 


Fig. 26 Contrast-enhanced CT. Grade IV laceration of 
the right kidney. Excretory phase. Grade IV laceration of 
the right kidney, involving the renal cortex, medulla and 
the collecting system, with a large low-attenuation collec- 
tion in the perinephric space representing a urinoma. Leek 
of contrast is noted within the dependent part of this fluid 
collection 


at two different time points and obtaining a single 
image acquisition can provide simultaneously the 
required information from both phases (Darge 
et al. 2013a). 

The use of power injection provides an 
excellent examination quality, and the continuous 
flow decreases the risk of extravascular passage. 
Injection speed can be adjusted to 1—4 ml/s; 
faster injection rates are usually not achievable 
in children and hardly necessary. The injection 
should be visually monitored and stopped in 
case of extravascular passage. However, depend- 
ing on the location, size and type of IV access, 
child size and weight, underlying disease and the 
clinical query, the contrast agent can be hand 
injected. 

The radiologist should check the acquired 
images for quality and diagnostic completeness 
and decide if additional images are needed before 
the child leaves the CT room. 
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Fig. 27 Contrast-enhanced CT. Five-year-old male with 
abdominal distention. (a) Axial scan. A large, well- 
circumscribed, solid and heterogeneously enhancing mass is 
seen in the left upper quadrant. The mass contains multiple 


Multiplanar reformatting is particularly useful 
in evaluating renal traumatic injuries or retroperi- 
toneal tumours (Fig. 27). Maximal intensity pro- 
jection (MIP) images in coronal and sagittal 
planes are also useful for angiographic studies. 
Volume rendering techniques allow better repre- 
sentation of the urinary tract. The CT dose index 
and dose length product should be mentioned in 
the report. 


Take Away 

Uro-CT in children is the imaging choice in 
cases of high-energy trauma, complicated 
urolithiasis (or rarely also infections) and 
neoplasm staging, if preceding non-irradi- 
ating imaging is not diagnostic and MRI is 
not available or not able to answer the 
query. 


Conclusion 

A wide variety of imaging examinations are 
available in clinical paediatric uroradiology 
practice. The radiologist should be well famil- 
iar with the indications, the technical parame- 
ters and the procedural skills to perform a 
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calcifications and areas of low attenuation consistent with 
necrosis. (b) Coronal reconstruction. The mass displaces 
inferiorly and compresses the left kidney, as well as abuts the 
inferior surface of the spleen, suggestive of adrenal origin 


diagnostically reliable examination. In addi- 
tion to performing a good imaging examina- 
tion, it is important to minimise irradiation, 
pain and risk; the chosen technique must also 
be well adapted to the patient (age, condition, 
disease) and the question posed by the refer- 
ring physician. US is the mainstay of urora- 
diological imaging throughout childhood and 
should be available 24/7/356. US is often 
complemented by KBU or VCUG (unless ce- 
VUS or MRI is performed). IVU is hardly 
used nowadays, and CT should be avoided 
whenever possible for its radiation burden but 
should never be withheld from a patient if 
there is a valid indication with no other acces- 
sible or diagnostically reliable imaging option 
such as, e.g. severe and multiple trauma. 
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the analysis of signal intensity versus time 
changes in the renal parenchyma can be isolated 
from those occurring in the collecting system. 
Several groups have described different 
approaches to MR urography with variations both 
in the imaging protocols and methods used to per- 
form functional analysis (Bokacheva et al. 2008; 
Khrichenko and Darge 2009; Vivier et al. 2010a; 
Jones et al. 2011; Boss et al. 2014). Variations in 
imaging technique differ in the approach to seda- 
tion, timing of furosemide administration, as well 
as the administration and dose of contrast agent. 
Another key difference in the various approaches 
to MR urography is based on the use of 3D versus 
2D acquisition of data for functional analysis. 
The 3D sequences provide greater spatial resolu- 
tion, whereas the 2D sequences have greater tem- 
poral resolution. The greater temporal resolution 
is advantageous in the evaluation of renal func- 
tion. These techniques are currently being refined 
and assessed. No consensus protocol has been 
established although we prefer 3D techniques. 
The primary indication for MR urography in 
children is the evaluation of UTD. Other indica- 
tions for MR of the pediatric urogenital tract 
include evaluation of congenital malformations 
and dysplasia, diagnosis of pyelonephritis and 
renal scarring, identification of ectopic ureters in 
children with urinary incontinence, and the evalu- 
ation of disorders of sexual differentiation. 
Furthermore, transplant kidney imaging and 
imaging of renal vasculature, after renal trauma, 
and of urogenital tract tumors are accepted indi- 
cations (see Chaps. 34, 35, 36, and 37). 
Additionally, the improved anatomic and func- 
tional information obtained with MR urography 
provides new insights into the underlying patho- 
physiology of urinary tract disorders. As a result, 
it is likely that MR of the pediatric urogenital tract 
will become the primary tool in the evaluation of 
complex urogenital tract disorders in children. 


2 MR Urography Technique 
2.1 Core Protocol 


We mainly describe and discuss our imaging pro- 
tocol — there are others that differ slightly (Darge 
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et al. 2010; Renjen et al. 2010; Vivier et al. 2010b; 
Jones et al. 2011). Recommendations on the ana- 
tomic MR study have been issued by the ESPR 
urogenital imaging task force (Riccabona et al. 
2010). The imaging protocols used for clinical 
studies consist of coronal T1 FLAIR, multiplanar 
FSE T2-weighted sequences prior to contrast 
administration, and dynamic 3D gradient echo 
sequences after contrast administration (Perez- 
Brayfield et al. 2003; Grattan-Smith et al. 2003; 
Jones et al. 2005, 2011) (Figs. 1, 2, and 3). The 
images are routinely acquired on a 1.5 T Siemens 
Avanto scanner fitted with a standard gradient 
system. The patient is positioned supine on the 
scanner and the spine coils and one or two body 
coils, depending on the size of the patient, are 
used for signal reception. There is a fundamen- 
tally complex relationship between signal inten- 
sity and gadolinium concentration, with T1 effects 
predominating at lower concentrations and T2* 
effects at higher concentrations which may lead to 
signal loss. Phantom studies have shown that the 
relationship between signal intensity and gado- 
linium concentration is relatively linear at low 
concentrations (Jones et al. 2005). To stay within 
this linear portion of the curve, we keep the gado- 
linium concentration low by hydrating the patient, 
by giving furosemide 15 min before the contrast is 
administered, and by infusing the contrast agent 
slowly for the dynamic series. 

For our protocols, all children are hydrated 
prior to the study with an intravenous infusion of 
lactated Ringer’s solution; for sedated children 
the volume infused is calculated to replace the 
NPO deficit, otherwise the volume is calculated 
using a guideline of 10 ml/kg. Typically, all chil- 
dren less than 7 years of age require sedation for 
the examination, and the department’s standard 
sedation procedures are followed. A bladder 
catheter is placed to eliminate the possibility of 
reflux and to ensure free drainage of the bladder. 
Once the patient is positioned in the scanner, 
scout images are acquired to determine both the 
positioning of the kidneys and bladder and the 
combination of spine coil elements required to 
optimize the signal-to-noise ratio (SNR) for these 
anatomical structures. After the scout images 
were completed, axial T2-weighted (TR 6000, 
TE 144, ETL = 23) TSE images with high spatial 
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Fig. 1 Normal MR urogram in a 3-month-old boy with 
antenatal UTD. Images (a—c) show the same slice from 
each of three separate volume acquisitions, whereas (d-f) 
show MIP projections derived from the same three sepa- 
rate time points. a and d show the cortical phase. b and e 
were acquired 60 s later and demonstrate enhancement of 


resolution that are acquired through the kidneys 
are obtained. 

Furosemide (1 mg/kg, max. 20 mg) is then 
administered intravenously. We administer furo- 
semide 15 min before we inject the contrast for 
three reasons: (1) the urinary tract is subjected to a 
fluid challenge to unmask evidence of obstruction, 
(2) the gadolinium concentration is diluted which 
reduces the susceptibility artifacts and helps main- 
tain the contrast-induced signal changes to within 
the range where they are linearly related to con- 
trast agent concentration, and (3) the examination 
time is shortened (Jones et al. 5). The majority 
of our patients are in the age range that requires 
sedation, and the protocol for these patients is 


both the cortex and medulla with the signal intensity of 
the medulla exceeding the cortex. ¢ and f were acquired 
115 s after the vascular phase and show excretion into the 
calyces, renal pelvis, and ureters. The renal transit time 
was 2 min and 20 s bilaterally, and the volumetric DRF 
was 51:49 


outlined below. For non-sedated patients, images 
with similar contrast are acquired, but breath-hold 
acquisitions are used for some of the sequences. 
Coronal, 2D, flow compensated, respiratory-gated 
Tl-weighted FLAIR (TR = 2000, TE = 9, TI = 
950), and coronal 2D, T2-weighted (TR = 6000, 
TE = 2001, ETL = 27) series, and a coronal respi- 
ratory-gated, heavily T2-weighted 3D sequence 
(TE = 354, TR = respiratory period ETL = 122) 
and an axial T2-weighted sequence through the 
bladder(TR = 4100, TE = 70) are then acquired. 
The 2D series served to provide detailed anatomi- 
cal reference scans, while the heavily T2-weighted 
3D scan provided the basis for a pre-contrast max- 
imum intensity projection (MIP) of the collecting 
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Fig. 2 Functional evaluation for a 3-month-old boy 
shown in Fig. 1. (a) Relative signal intensity versus time 
curve showing curves for the aorta and both kidneys. Note 
the symmetric parenchymal curves with equivalent perfu- 
sion, concentration, and excretion of contrast agent. (b) 


system, ureters, and bladder. In order to create the 
MIP, other T2 structures with long T2 relaxation 
times, such as CSF and the gallbladder, are manu- 
ally edited out from the images. The T2-weighted 
images are particularly useful to define the anat- 
omy of nonfunctioning or poorly functioning 
systems. These systems are generally associated 
with marked UTD or cystic changes, and heav- 
ily T2-weighted images are able to delineate the 
anatomy even if little contrast excretion occurs. 
Volume-rendered images from the T2 data sets are 
used to delineate the anatomy of complex hydro- 
nephrotic systems (Fig. 3). 

Once the above sequences are complete, the 
acquisition of a 3D, coronal, dynamic, gradient 
echo sequence (TR=3.4 ms, TE=1.5 ms, flip 
angle =30°) orientated along the axis of the kid- 
neys and including the bladder begins (Fig. 3). 
The start of the dynamic series is approximately 
15 min after the injection of furosemide, which 
coincides with the maximum effect of the furo- 
semide (Brown et al. 1992). There is significant 
diuretic effect from about 5-30 min after injec- 
tion so there is considerable latitude in the tim- 
ing of the furosemide administration. All patients 
have a serum creatinine-based GFR estimation 


The Patlak plot is used as an index of the individual kid- 
ney GFR. The slope of each plot reflects the GFR of each 
kidney (12.7 ml/min on left and 12.1 ml/min on right). 
The y intercept represents the fractional blood volume of 
each kidney. The Patlak DRF was calculated at 50:50 


performed prior to the MRU, and patients with 
a GFR in excess of 60 ml/min/1.73 m? a dose of 
0.1 mmol/kg Gd-DTPA (Magnevist; Berlex labo- 
ratories, Wayne, NJ, USA) has been used; today 
linear Gd-compounds are obsolete at least in 
Europe for pediatric use and replaced by Dotarem 
(Guerbet AG, Ziirich, Switzerland) or Gadovist 
(Baayer, Berlin Germany) are slowly infused 
using a power injector. For patients with a GFR in 
the range of 30-60 ml/min/1.73 m2, the same dose 
of ProHance (Bracco Diagnostics, Princeton, NJ, 
USA) or other cylic cGd contrast agents such as 
Gadovist or Dotarem are used due to its supe- 
rior safety profile with respect to nephrogenic 
systemic fibrosis (NSF). No contrast is given if 
the serum creatinine-based GFR is below 30 ml/ 
min/1.73 m*. Previously, we had administered a 
compact bolus of contrast, but this results in an 
aortic signal well above the linear range of gado- 
linium concentration. We now instill the contrast 
typically at a rate of 0.25 ml/s so that the injec- 
tion lasts more than 30 s. Each time point of the 
dynamic sequence consisted of 36—44 slices, with 
the outer three slices on each side being discarded 
in order to limit variations in the flip angle related 
to the slice profile and also to limit wraparound 
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Fig. 3 Volume-rendered T2-weighted 


images. (a) 
Volume-rendered T2 images of duplex system with poorly 
functioning and obstructed upper pole moiety. Despite 
minimal excretion of contrast agent, anatomic images of 
the duplex system can be obtained with T2-weighted 


artifacts. Parallel imaging with an “acceleration 
factor” of 2 is used to reduce the acquisition time 
per volume to approximately 9 s. The scans are 
acquired contiguously for the first 3 min; sub- 
sequently, intervals of progressively increasing 
duration are inserted between the scans. The total 
duration for the acquisition of 60 dynamic scan 
is 10 min. For each volume acquisition, a maxi- 
mum intensity projection (MIP) of the whole vol- 
ume is automatically generated. If both ureters 
are clearly visualized 10 min after the injection 
of contrast media, no further dynamic series are 
acquired. Otherwise, the acquisition of dynamic 
images is continued for a further 5 min at 1 min 
intervals. After the completion of the dynamic 
series, sagittal, axial, and coronal 3D images with 
high spatial resolution are acquired for the pur- 
pose of reformatting and volume rendering on a 
3D workstation. These images provide exquisite 
anatomic evaluation of the kidneys and ureters. In 


images that show the ectopic distal insertion of the upper 
pole ureter. (b) Volume-rendered T2 images of poorly 
functioning hydronephrotic kidneys in a boy with poste- 
rior urethral valves. Even with poor renal function, exqui- 
site anatomical images are easily obtained 


cases where poor drainage from the renal pelvis 
means that no contrast is seen in the ureters dur- 
ing the 15 min of dynamic scanning, the patient 
may be turned prone to promote mixing of the 
contrast agent in the collecting system prior to the 
acquisition of high spatial resolution coronal and 
sagittal images. The total imaging time for non- 
obstructed patients is typically 45 min; for poorly 
draining kidneys, the imaging time is typically 1 
h. An abbreviated protocol is used for the evalu- 
ation of renal masses as well as renal scarring 
and pyelonephritis. If there is a concern for ecto- 
pic ureteric insertion or calyceal diverticulum, 
images delayed by several hours are sometimes 
helpful. 

The MIP images from each volume acquisition 
are placed in a single cine sequence to provide a 
rapid overview of the transit of the contrast agent 
through the kidney. The delayed high-resolution 
anatomic images are particularly valuable in the 
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evaluation of congenital malformations including 
ureteric strictures and ectopic ureteric insertion as 
well as complex postoperative anatomy (Adeb 
et al. 2013; Arlen et al. 2014; Figueroa et al. 2014). 


Take Away 

Reproducible high-quality MR urography 
requires meticulous attention to a standard- 
ized protocol with particular emphasis on 
patient hydration, sedation, and sequence 
acquisition. Using these techniques, exqui- 
site and comprehensive anatomical and 
functional evaluation of the entire genito- 
urinary tract can be performed routinely. 


2.2 Optional Sequences 


2.2.1 Diffusion-Weighted Imaging 
(DWI) 

DWI is an MR sequence which uses strong, bipo- 
lar gradients to create a sensitivity of the signal to 
the thermally induced Brownian (or random 
walk) motion of water molecules. By acquiring 
images with two or more different diffusion 
weightings or b factors (with the b factor being 
determined by the strength, duration, and spac- 
ing of the bipolar gradients), the apparent diffu- 
sion coefficient (ADC) can be calculated from 
DWI images. The term ADC reflects the fact that 
in tissue, the water molecules cannot freely dif- 
fuse, rather their motion is impeded by cellular 
structures such as membranes and organelles. In 
addition, the ADC is also dependent on capillary 
perfusion and water diffusion in the extravascu- 
lar space. Le Bihan et al. first described the 
dependency of the ADC on perfusion effects at 
lower b-values (b<200 s/mm7) in their works on 
intra-voxel incoherent motion (IVIM) (Le Bihan 
et al. 1986; Le Bihan 2013). These effects of 
pseudodiffusion can be excluded when high 
b-values (b>400 s/mm7) are applied to obtain 
true diffusion measurements. Some authors have 
tried to quantify the perfusion information from 
DWI of the kidneys using a bi-exponential fit of 
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the ADC curve and calculating the perfusion 
fraction to evaluate renal function (Ichikawa 
et al. 2013). However, as the intravascular frac- 
tion is rather small, it has been shown that very 
high signal-to-noise ratio is required for this kind 
of bi-exponential fitting to be accurate, and in 
general, the required signal levels cannot be 
achieved with a resolution that permits the dif- 
ferentiation of the main renal structures (Pekar 
et al. 1992). However, the use of a low b-value, 
rather than zero in the standard diffusion acquisi- 
tion, has the advantage of suppressing the signal 
from flowing blood and hence improving the 
contrast in the ADC images. 

The ADC of the kidneys is higher than the 
ADC of other abdominal organs, most likely due 
to the high water content and the high blood sup- 
ply of the kidneys and possible contributions of 
the flow in the tubular system. In general the cor- 
tical ADC has been found to be higher than that of 
the medulla, possibly because of the higher perfu- 
sion component (Ries et al. 2001). Measurements 
of renal ADC have been detailed in various stud- 
ies, showing that DWI is a feasible approach for 
the characterization of renal diseases and lesions 
(Thoeny et al. 2005; Ries et al. 2001). Because 
diffusion measurements are sensitive to the 
microscopic motion of water, macroscopic effects 
such as patient motion, respiration, and pulsatility 
of the kidney will be several orders of magnitude 
larger than the water diffusion and will render the 
DWI images useless. Thus DWI is typically 
acquired using ultrafast, single-shot echo-planar 
imaging (EPI) sequences, which effectively 
freeze bulk motion. Parallel imaging is also gen- 
erally used in conjunction with abdominal DWI 
as it allows increased resolution and acquisition 
speed with negligible alteration of diffusion val- 
ues. Moreover, distortion artifacts caused by mag- 
netic field inhomogeneities are reduced because 
of shorter echo train length. While there is general 
consensus on DWI parameters for clinical brain 
imaging, there is little consensus on the optimal 
parameters for DWI of the kidney, with maximal 
b-values ranging from 200 to 800 s/mm (Erbay 
et al. 2012; Chuck et al. 2013). Similarly, some 
institutions use breath-hold acquisitions for DWI 
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measurements, others use respiratory triggering, 
and some use neither but rely on averaging to 
smooth out the effects of respiration. Diffusion- 
weighted imaging in the kidneys is usually per- 
formed to assess renal transplants, to diagnose 
acute pyelonephritis, and to better characterize 
renal masses such as Wilm’s tumors and nephro- 
blastomatosis (Gee et al. 2013; Vivier et al. 2013; 
Abou-E]-Ghar et al. 2012; Zhang et al. 2013a). 


2.2.2 Arterial Spin Labeling (ASL) 

Arterial spin labeling (ASL) uses magnetically 
labeled blood as an endogenous “contrast agent” 
and can be used to measure renal perfusion (i.e., 
local blood flow) rather than the global perfusion 
obtained by measuring the blood flow in the 
renal artery. ASL has been widely used for stud- 
ies of cerebral perfusion with the data typically 
being acquired using an echo-planar imaging 
sequence. However, in the abdomen the use of 
EPI sequences is complicated by greater mag- 
netic field inhomogeneity and shorter T,* relax- 
ation times, resulting in increased image 
distortion and a reduced signal-to-noise ratio. 
The kidneys are highly perfused, receiving about 
20 % of the cardiac output, compared to 14 % for 
the brain, and the blood flow per gram of renal 
tissue in a normal adult is about 4 ml/min, com- 
pared to 0.5 ml/min in the brain. There are sig- 
nificant variations in the flow rates within the 
kidney, with the flow in the renal cortex being 
roughly five times greater than that in the outer 
medulla and 20 times greater than that in the 
inner medulla. Despite this high flow, the signal 
difference due to blood flow between the control 
and tag phases of the ASL experiment is still 
only a few percent. Hence, multiple acquisitions 
(averages) are required, leading to a typical 
acquisition time of between tens of seconds and 
several minutes. Because the total acquisition 
time is much longer than the respiratory cycle, 
ASL in the kidney has to contend not only with 
patient movement but also with the periodic 
motion of the kidneys during the respiratory 
cycle. As a control for the effect of motion, 
images from the same phase (e.g., control) can 
be subtracted. Even when these show no discern- 
able motion artifacts, the signal difference on 
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subtraction may be of the order of a few percent, 
i.e., of the same order of magnitude as that 
expected from perfusion when subtracting tag 
images from the control images in the absence of 
motion. Hence, great care must be taken both to 
minimize the effects of motion and to reduce the 
signal differences caused by residual motion. As 
outlined above, the use of EPI sequences, which 
are ubiquitous for ASL in the brain, for renal 
studies is complicated by increased magnetic 
field inhomogeneity and shorter T,* relaxation 
times. One approach to addressing these prob- 
lems has been to reduce the sensitivity of EPI to 
these effects by using combinations of high (>2) 
acceleration factors, partial k-space sampling, 
and increased sampling bandwidths, which serve 
to reduce the duration of the EPI echo train and 
speed up the traversal of k-space (Gardener and 
Francis 2010). These measures reduce EPI’s sen- 
sitivity to these effects. While reducing the num- 
ber of phase-encoding steps or increasing the 
bandwidth will nominally reduce the SNR, this 
is offset by a shorter echo time and reduced sig- 
nal decay during the echo train. Alternatively, 
other groups have used TrueFISP or HASTE 
sequences as an alternative readout method to 
EPI (Martirosian et al. 2004; Robson et al. 2009). 
Both TrueFISP (also known as FIESTA or bal- 
anced SSFP) and HASTE (also known as single- 
shot FSE with partial ky-acquisition) are less 
affected by the effects mentioned above; how- 
ever, they require longer acquisition times 
(which reduces the number of slices that can be 
acquired) and generally have lower SNR than 
EPI sequences. 


2.2.3 Contrast-Enhanced MR 
Angiography (CE-MRA) 
If renal artery stenosis (RAS) is suspected, then 
either a contrast-enhanced MRA (CE-MRA) or 
a non-contrast MRA of the renal arteries can be 
performed. In the case that a functional evalua- 
tion of the kidneys will be performed as well, 
then a non-contrast MRA is preferred in order 
to avoid having contrast present when the sec- 
ond injection for the functional analysis is per- 
formed. For a CE-MRA the protocol typically 
uses a compact bolus of contrast, preferably 
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injected using a power injector and a rapid, 
dynamic gradient echo scan aligned along the 
descending aorta to monitor the arrival of con- 
trast. The progress of the contrast agent down 
the aorta is monitored, and when the contrast 
nears the renal arteries, the dynamic sequence 
is halted, the patient is instructed to perform a 
breath-hold, and a 3D data set is acquired using 
a short TE gradient echo sequence. The dura- 
tion of the volumetric sequence is short enough 
to keep both the duration of the breath-hold 
within reasonable limits and to minimize the 
possibility of venous contamination. CE-MRA 
has generally been found to have a high speci- 
ficity and sensitivity compared to digital sub- 
traction angiography (DSA) which, while 
invasive, serves as the gold standard for the 
assessment of RAS. For example, Soulez et al. 
performed a multicenter trial comparing 
CE-MRA on 1.5 T scanners with DSA for 
depicting RAS which enrolled 268 patients, 
178 of whom had significant RAS (Soulez et al. 
2008). They found that sensitivity, specificity, 
and accuracy for CE-MRA for detecting >50 % 
stenosis were 60-84 %, 89-95 %, and 80-87 %, 
respectively. The above study used MultiHance 
(gadobenate dimeglumine) as the contrast 
agent, which is generally the contrast agent of 
choice for CE-MRA as it has higher T1 relaxiv- 
ity due to transient protein binding (Prokop 
et al. 2005); however this agent has been with- 
drawn for pediatric use (only some dedicated 
applications particularly in the liver are still 
approved in Europe mostly for adults) and must 
be replaced by cyclic Gd contrast agents such 
as Gadovist, Dotarem or Prohance. It should 
also be noted that the quality of CE-MRA is 
further improved on 3 T scanners compared to 
1.5 T scanners. CE-MRA was probably the 
method of choice for assessing RAS prior to 
the discovery of nephrogenic systemic fibrosis 
(NSF) which, while rare and more strongly 
associated with specific contrast agents, has led 
to patients with severe chronic or acute renal 
insufficiency being carefully evaluated before 
being approved for such studies. A second con- 
sideration is the fact that the CE-MRA is a rela- 
tively expensive study. These concerns have 
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led to development of non-contrast techniques 
for contrast-free MRA of the renal arteries. The 
exact details of the sequences used for non- 
contrast MRA of the renal arteries vary between 
manufacturers, but the general principle is to 
use a steady-state free precession (SSFP) which 
has high signal from the vessels in conjunction 
with an inversion pulse. The delay between the 
inversion pulse and the pulse sequence is cho- 
sen to maximize the attenuation of the back- 
ground tissue while allowing sufficient time for 
non-attenuated blood to flow into the imaged 
volume. Additional saturation pulses are used 
to attenuate the venous signal and motion arti- 
facts originating from the abdominal wall. 
These techniques are combined with either a 
respiratory trigger or a navigator pulse to mini- 
mize motion artifacts. In a recent study, 
non-contrast MRA was shown to have a sensi- 
tivity of 74 %, specificity of 93 %, and accuracy 
of 90% compared to contrast-enhanced CT 
angiography (CTA) (Albert et al. 2015). It 
should be noted that the non-contrast tech- 
niques take considerably longer (typically 
~5 min) than a CE-MRA; however, the acquisi- 
tion of a non-contrast MRA has no effect on a 
subsequent study of renal function. 


Take Away 

Advanced imaging techniques such as DWI, 
ASL, and CE-MRA continue to increase the 
capabilities of MR urography by analyzing 
the anatomy and function of the kidney with 
demonstration of both renal perfusion and 
diffusion at a microstructural level. 


2.3 MR Contrast Agents 

Gadolinium-based contrast agents (GBCAs) 
were first associated with nephrogenic systemic 
fibrosis (NSF) in January 2006 when five end- 
stage renal failure patients undergoing MRA 
developed signs of NSF 2—4 weeks after GBCAs 
administration (Grobner 2006; Marckmann 
2006). Subsequently, there have been reports of 
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NSF associated with other GBCAs, and this issue 
has been subject to close regulatory reviews. 

The US Food and Drug Administration (FDA), 
the American College of Radiology (ACR), and 
the European Medicines Agency (EMA) all con- 
sider three of these agents (Magnevist, Omniscan, 
and Optimark) to be high risk for NSF. The FDA 
and ACR confine their warning to patients with 
acute kidney injury or with chronic, severe kidney 
disease (GFR<30 mL/min/1.73 m’, though the 
ACR extends this to 40 mL/min/1.73 m? because 
of the inherent variability in the measurement of 
GFR) (see also Chap. 6). The EMA uses a broader 
recommendation; specifically, “they must not be 
used in patients with severe kidney problems, in 
patients around the time of liver transplantation, 
and in newborn babies less than 4 weeks of age, 
who are known to have immature kidneys.” All 
three agencies recommend the screening of 
patients to identify patients with renal problems 
prior to using these agents. It should be noted that 
for the three “high-risk” agents, there is evidence 
that the risk is higher with Omniscan than with 
Magnevist (Altun et al. 2009). The FDA does not 
differentiate between the other agents, while the 
EMA considers MultiHance and Ablavar to be 
medium risk and Dotarem, ProHance, and 
Gadavist to be low risk. In contrast, the American 
College of Radiology policy defines MultiHance, 
Dotarem, ProHance, and Gadavist to be medium 
risk and Ablavar to be low risk (Table 1). 

More recently it has been reported that depos- 
its of GBCAs remain in the brains of some 
patients who undergo multiple contrast-enhanced 
MRI scans long after the last administration 
(Kanda et al. 2014). Currently, it is not known 


Table 1 MR contrast agents 
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whether these gadolinium deposits are harmful 
or can lead to adverse health effects. While this is 
still an area of active research, recent studies 
indicate that the same agents that are classified as 
having a higher risk for NSF are also associated 
with more significant deposition of GBCA in the 
brain (Kanda et al. 2015b; Radbruch et al. 2015; 
Kanda et al. 2015a). According to the newest rec- 
ommendations these linear GD contrast agents 
should thus NOT be used in children any longer. 


Take Away 

MR contrast agents have been associated 
with NSF, and more recently GBCAs have 
been found to leave significant deposits of 
gadolinium in the brain. Cyclic GBCAs are 
thought to be more stable and are recom- 
mended for MR urography in children. 


3 Post-processing 


Differential renal function (DRF) is among the 
most widely used measure of renal function. 
The DRF as measured by dynamic renal scintig- 
raphy (DRS) is based on the integration of the 
tracer curve over a range of time points at which 
the tracer is assumed to be located predomi- 
nately in the parenchyma (Durand 2014). Due to 
the limited spatial resolution of DRS studies, 
fixed time points are used since the exact loca- 
tion of the tracer cannot be confirmed by visual 
inspection of the images. Since DRS measure- 
ments are based on projection images of the 


Brand name | Generic name | Acronym | Excretion pathway | Structure 
Magnevist Gadopentetate dimeglumine | Gd-DTPA Kidney Linear 
Omniscan | Gadodiamide |Gd-DTPA-BMA Kidney | Linear 
Optimark | Gadoversetamide | Gd-DTPA-BMEA | Kidney | Linear 
MultiHance | Gadobenate dimeglumine Gd-BOPTA |97% kidney, 3% bile | Linear 
Ablavar | Gadofosveset trisodium | Gd-DTPA [91% kidney, 9% bile | Linear 
ProHance | Gadoteridol [Gd-HP-DO3A |Kidney | Cyclic 
Gadavist | Gadobutrol |Gd-BT-DO3A [Kidney | Cyclic 
Dotarem | Gadoterate meglumine | Gd-DOTA Kidney | Cyclic 
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whole kidney, they measure the activity in the 
whole kidney. The majority of techniques devel- 
oped for measuring the DRF with MRI have 
attempted to duplicate this approach by combin- 
ing the area under the time-intensity curve 
obtained from either a single slice, or a few 
slices, with a separate volume measurement 
(Huang et al. 2004; Vivier et al. 2010b; Artunc 
et al. 2010; Boss et al. 2014). We use a slightly 
different approach since the 3D volumes we use 
cover the full extent of both kidneys and the 
uptake of the contrast in each kidney can be fol- 
lowed volumetrically. We make the assumption 
that voxels represent either functional or non- 
functional tissue and that by summing the vox- 
els that show a significant uptake of contrast, 
one can calculate the functional volume of each 
kidney and hence the split renal function. The 
dynamic series are visually inspected to deter- 
mine the volumes in which contrast is first seen 
in the collecting system of each kidney; the vol- 
ume prior to this is then used for the calculation 
of the functional volume of each kidney (Fig. 4). 
In this way, possible differences between the 
two kidneys are taken into account, and it is not 


Fig. 4 Volumetric differential function. The time point 
for calculation of renal volumes is determined visually by 
defining the time when the kidneys have enhanced maxi- 
mally and before contrast has been excreted into the col- 
lecting systems. At this time the kidneys are easily 
separated from the background with semiautomated tech- 
niques that produce volume calculations for each kidney 
depending on a user-defined threshold 


necessary to assume a particular time point, or 
range of times, for the calculation. In previous 
studies several authors have shown that the cal- 
culation differential renal function based on 
renal volume agrees well with the DRF calcu- 
lated using nuclear medicine (Heuer et al. 2003; 
Claudon et al. 2014; Grattan-Smith et al. 2003; 
Cerwinka et al. 2014). The volume of function- 
ing tissue has also been shown to be well corre- 
lated with creatinine clearance rates. For the 
dose of contrast and the pulse sequence param- 
eters used in our studies, the segmentation of the 
kidneys at this homogeneous enhancement 
phase is straightforward and can be performed 
using semiautomatic segmentation. While the 
renal volume can be estimated from Tl- or 
T2-weighted images, this is much more user 
intensive (Bakker et al. 1999; Lee et al. 2003). 
The methodology presented here makes a clear 
distinction between functioning and nonfunc- 
tioning tissue and accounts for the effects of 
cortical scarring or patchy enhancement, such as 
that seen in uropathic or dysplastic kidneys. In 
the evaluation of duplex kidneys, MR urography 
can separate the boundaries between the upper 
and lower pole moieties by delineating the col- 
umn of cortex separating the upper and lower 
poles so that the relative contributions of the 
upper and lower poles can be calculated. 

We generate signal intensity versus time 
curves for each kidney (Fig. 3). Although it is 
possible to generate separate curves for the cor- 
tex and medulla, this is too time-consuming for 
routine studies. The global curves for each kid- 
ney describe the perfusion, concentration, and 
excretion of the contrast agent over time. The two 
kidneys are easily compared and contrasted 
which is especially helpful when one kidney is 
normal. The signal versus time curves are con- 
verted to relative signal versus time curves by 
calculating (S,-So)/So, where So is the mean pre- 
contrast signal, for each time point. The relative 
signal has a linear relationship with contrast 
agent concentration over a limited range of con- 
centrations and compensates for spatial varia- 
tions in the background signal, facilitating 
comparison of the two kidneys (Jones et al. 
2005). 
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The most widely used non-imaging clinical 
test of renal function is to measure the serum cre- 
atinine level. However, this test is a relatively 
insensitive measure of decreased glomerular fil- 
tration rate (GFR) and only measures the global, 
rather than single kidney, function. Although 
GFR can be accurately measured using tech- 
niques such as inulin clearance, such tests are 
invasive and are not feasible in a clinical setting. 
Several methods have been developed for esti- 
mating the GFR from dynamic nuclear medicine 
data, but all of these are hampered by the poor 
counting statistics of such dynamic studies and 
the problem of accounting for the extrarenal 
component of the signal. More recently several 
groups have applied the methods developed for 
nuclear medicine to dynamic MRI data acquired 
in conjunction with an injection of the contrast 
agent Gd-DTPA (Lee et al. 2003; Hackstein et al. 
2003). When applying these techniques to MRI 
data, several issues have to be addressed: firstly, 
while nuclear medicine directly measures the 
activity, and hence the concentration, of the con- 
trast agent, the MRI contrast agents change sig- 
nal by altering the relaxation times of the tissue, 
and this produces a linear relationship with the 
concentration only over a limited range of con- 
centrations. Secondly, the exact relationship 
between the signal and concentration depends on 
the flip angle used, and, since the flip angle varies 
across the slice in 2D studies, time-consuming 
corrections are required for 2D data, making 
these unsuitable for routine clinical applications. 
Thirdly, in order to obtain adequate signal-to- 
noise ratio, it is generally necessary to use sur- 
face array coils for the reception of the signal, 
which in turn can lead to local variations in signal 
intensity which complicate the analysis of the 
data. Our approach addresses these problems by 
using a slow injection of contrast in order to limit 
the arterial concentration, by using a 3D tech- 
nique and discarding the outer slices to ensure a 
uniform flip angle, and by using the pre-contrast 
signal to correct for spatial variations in the sig- 
nal intensity. 

To estimate the GFR, we use the Rutland- 
Patlak technique which is based on a two- 
compartment model with unilateral flow of 
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tracer from the first compartment (vasculature) 
into the second compartment (nephrons) 
(Rutland 1979; Patlak and Blasberg 1985; 
Peters 1994) (Fig. 3). With this model the GFR 
is measured as the transfer of the contrast agent 
from arterial blood to the renal tubules and the 
fact that the kidney includes both vascular and 
tubular components is taken into account. The 
amount of contrast agent in any one kidney at a 
time point t, C(t), prior to the excretion of the 
contrast agent can be expressed as the sum of 
the contrast agent in the vascular space and 
nephrons. Assuming that the plasma concentra- 
tion of the contrast agent in the vascular space 
is proportional to the plasma concentration in 
the aorta, c(t), then, defining the constants kı 
and k, to represent the vascular volume within 
the kidney and the clearance of the contrast 
agent from the vascular space, respectively, one 
can write 


where t=0 is the arrival time of the contrast 
agent. The values for C,(f) and C(t) are derived 
from the AIF and renal curves, respectively. 
Equation | can be rewritten in the form of a linear 
equation, and values for k, and k, are derived 
from the plot of this equation. However, this 
requires the choice of a start point (time when 
contrast agent is uniformly distributed in the vas- 
culature) and an end point (excretion of contrast) 
for the plot, and it is simpler to apply a nonlinear 
fit of Eq. 4 to all the data points between the 
arrival and the excretion of the contrast agent in 
order to derive values for k, and k, (Buckley et al. 
2006). The pre-contrast relaxation times of, and 
the relaxivity of the contrast agent in, the blood 
and kidneys are different; similarly, these quanti- 
ties also differ between the sub-compartments 
within each of these compartments (e.g., plasma 
and red cells). A correction for the difference in 
relaxation rates can be estimated from phantom 
studies (Rusinek et al. 2001; Hackstein et al. 
2005) or from mathematical simulations based 
on the measured signal (Pedersen et al. 2004), but 
these do not accurately reflect the in vivo situa- 
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tion where exchange effects between different 
compartments (e.g., plasma and red cells) con- 
tribute to the observed relaxivity. For this reason 
we use the relative signal, as opposed to a mea- 
surement of the relaxation time, which may lead 
to errors in the Patlak analysis but is simpler and 
can be regarded as a GFR index, rather than an 
absolute measure of the GFR. When the Patlak 
DRF is calculated, such effects are assumed to be 
common to both kidneys and can hence be 
ignored. Other possible sources of error in the 
Rutland-Patlak analysis include the fact that the 
interstitial space is neglected, that pulsation of 
the descending aorta may distort the measure- 
ment of the vascular signal and the T2* shorten- 
ing effects of the contrast agent may distort the 
relative signal measurements. 

Typically one measures the average concen- 
tration of the contrast agent within the kidney, 
thus k, represents the clearance per unit volume 
of tissue, which we refer to as the unit GFR. We 
believe this quantity is related to the single- 
nephron GFR and have noted that this quantity is 
reduced in decompensated, as well as dysplastic 
and uropathic kidneys. An estimate of the single- 
kidney GFR (SK-GFR) can be obtained by mul- 
tiplying k» by the renal volume (V,). The Patlak 
model breaks down after a certain time because it 
fails to take account of the onward transport of 
the contrast agent (i.e., the drop in signal seen at 
later time points in the parenchymal curves). 
Annet et al. developed a model which includes an 
additional term which accounts for the onward 
transport of the contrast agent and hence allows 
the whole time course to be modeled (Annet et al. 
2004). Their equation is of the form 


t 


C,(t)=ke, (t)+k, fe, (w)-exp(K., (t-u))du (2) 


0 


In their original article, Annet et al. confined their 
analysis to the renal cortex, and the term kep repre- 
sented the rate constant of the onward transport of 
the contrast agent. We apply the model to the 
whole kidney, and in this context, kep is the rate 
constant of the excretion of the contrast agent 
from the kidney which we refer to as the tubular 
output. A nonlinear fit of Eq. 2 can be applied to 
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all the points acquired after the arrival of the con- 
trast agent, and hence no preselection of the range 
of data points is required. In addition Annet et al. 
also modified C, by including a delay time (6 ) to 
account for the transit time from the arterial ROI 
to the renal parenchyma and a term to account for 
the dispersion of the contrast agent during this 
time. If only the delay term is incorporated, then 
C,(0 is replaced by a time-shifted plasma concen- 
tration C,(t-6). Because the transit times are 
exponentially distributed, the dispersion term can 
be expressed as a convolution of the time-shifted 
plasma concentration with the mean transit time 
of the plasma compartment (MTT,) (Annet et al. 
2004). The plasma concentration corrected for 
delay and dispersion (C,’) is given by 


i 1 —t 
C, (t)=C,(t-8)8 MTT, oof | (3) 


The vascular contribution is determined primarily 
by the aortic concentration scaled by the plasma 
fractional volume, and if dispersion is not 
accounted for, then an artificially low plasma vol- 
ume is often derived in order to achieve the 
required scaling of the arterial concentration. This 
results in a vascular component with a low peak 
and a low “tail,” causing most of the rest of the 
renal curve to be attributed to glomerular filtra- 
tion. When dispersion is accounted for, the vascu- 
lar component is broader with a more pronounced 
tail leading to less of the curve being attributed to 
glomerular filtration. Thus, accounting for disper- 
sion is expected to result in more accurate GFR 
values; however, due to the less stable fitting 
caused by the introduction of the convolution and 
the extra terms (6 and MTT,) to the fitting pro- 
cess, combined with the limited temporal resolu- 
tion used in our studies, we currently do not model 
the dispersion and use a fixed delay. 

For each patient the key features derived from 
MR urography include calculation of differential 
renal function (both volume and Patlak), the unit 
GFR for each kidney, and the inverse of the term 
Kep from the Annet model, which corresponds to 
the mean transit time of the contrast through the 
kidney. Differential renal function calculated 
using MR urography techniques show excellent 
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correlation with differential function calculations 
using renal scintigraphy (Perez-Brayfield et al. 
2003; Cerwinka et al. 2014). Signal versus time 
curves for the kidneys and the aorta, plots of the 
fits for the Patlak and Annet models to the time- 
intensity curves, and an asymmetry index are 
also generated for each patient. It is important to 
understand that we have two methods to deter- 
mine the differential renal function: one based on 
volume and one based on the individual kidney 
GFR as determined by the Patlak and/or Annet 
plot. In most cases the volumetric and Patlak dif- 
ferential function are symmetric; however, when 
there is a difference in these two measures of 
DRF, it implies a change in renal pathophysiol- 
ogy that occurs in response to the fluid and 
diuretic challenge. 


Take Away 

The functional parameters routinely assessed 
by MR urography include the vDRF and 
pDRE, asymmetry index, mean transit times, 
renal and calyceal transit times, as well as sig- 
nal intensity versus time curves. No single 
parameter is sufficient to categorize renal dis- 
ease so each parameter must be used in con- 
junction with the overall anatomic diagnosis 
to arrive at the clinically relevant diagnosis. 


4 Clinical Applications 


4.1 Evaluation of Urinary Tract 
Dilatation 
4.1.1 The Diagnosis of Obstruction 


All systems with urinary tract dilatation have 
some impairment of renal drainage, and the goal 
of imaging is to distinguish urinary tract dilata- 
tion (UTD) secondary to stasis from UTD caused 
by physiologically significant obstruction (see 
also Chaps. 14 and 26). The definition of obstruc- 
tion is difficult clinically and is usually defined 
in one of two ways: either as a restriction to uri- 
nary outflow that, when left untreated, will cause 
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progressive renal deterioration or as a condition 
that hampers optimal renal development (Peters 
and Chevalier 2012). Unfortunately, these are 
retrospective definitions that make it difficult to 
identify prospectively which children may ben- 
efit from surgery. Obstructive uropathy occurs in 
a subset of children with UTD and refers to dam- 
age to the renal parenchyma caused by obstruc- 
tion of urine flow from the kidney to the bladder 
(O’Reilly 2002; Becker and Baum 2006). The 
consequences of urinary tract obstruction occur 
secondarily to a complex syndrome resulting in 
alterations of both glomerular hemodynamics 
and tubular function caused by the interaction 
of a variety of vasoactive factors and cytokines 
(Chevalier 2007; Chevalier et al. 2010; Klein 
et al. 2010). The initiating event for the cascade 
of vasoactive factors is stretching of the renal pel- 
vis in response to increase in intrapelvic pressure 
(Chevalier et al. 2010). The effects of obstruc- 
tion on the developing kidney depend on the 
time of onset, location, and degree of obstruction 
(Chevalier et al. 2010). 

Probably a more useful definition of obstruc- 
tion is based on the pressure-flow relationship 
between the urine production and drainage. 
Whitaker in 1982 defined urinary tract obstruc- 
tion as a condition that “impairs urinary drainage 
from the pelvicalyceal system and leads to 
increased pressure and reduced urine flow rate” 
(Whitaker et al. 1982). Chevalier et al. have dem- 
onstrated that it is the stretching and distension of 
the renal pelvis secondary to the increased 
intrapelvic pressure that releases the vasoactive 
factors and cytokines that may lead to renal dam- 
age (Chevalier et al. 2010). The diagnosis of 
obstruction has been extensively studied using 
intravenous urography (Saxton 1969; Sherwood 
1971; Dawson 1990). This knowledge can be 
applied to MR urography as the same pathophys- 
iologic changes occur in response to obstruction. 
MR urography is a more powerful tool than intra- 
venous urography because it provides nephroto- 
mography with 2 mm thick slices every 8 s 
through the entire urinary tract. The enhance- 
ment, concentration, and excretion of the contrast 
agent are demonstrated with much greater spa- 
tial, contrast, and temporal resolution than could 
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be obtained with intravenous urography (IVU). 
The hallmark of acute obstruction on IVU as well 
as MR urography is the delayed and dense 
nephrogram (Anigstein et al. 1972; O’Reilly 
1982; Davies 1988; Samin and Becker 1991) 
(Fig. 5). The findings of acute obstruction on 
IVU or MR urography include: 


1. The immediate nephrogram is usually normal 
or mildly diminished (reflecting normal RBF). 

2. The nephrogram becomes increasingly dense 
over time. 

3. There is delayed excretion of contrast agent 
into the collecting system. 

4. There is variable dilation of collecting system 
proximal to point of obstruction. 


The obstructed nephrogram is the result of 
increased pressure within the renal pelvis trans- 


mitted in a retrograde fashion throughout the 
nephron (Brenes et al. 1966; Korobkin 1972; 
Dyer et al. 1986). The increased pressure in the 
nephron is transmitted across Bowman’s space 
and results in prolonged transit of the contrast 
agent from the level of the glomerulus to the col- 
lecting system. Glomerular filtration continues 
but at a reduced rate (Anigstein et al. 1972). The 
tubular system continues to reabsorb electrolytes 
and fluid but does not reabsorb the contrast 
agent. This results in an ever-increasing concen- 
tration of the contrast media in the excreted 
urine within the tubular lumen. The nephrogram 
is initially delayed and subsequently becomes 
more and more intense before fading as unopaci- 
fied urine replaces opacified urine (Samin and 
Becker 1991). This delayed and dense nephro- 
gram is not unique to an obstructive process and 
may be seen with other causes of prolonged 


Fig. 5 Delayed dense nephrogram. (a) A five-minute 
MIP image following contrast administration in a 3-year- 
old girl with a physiologically significant PUJ obstruction 
manifested as a delayed dense nephrogram on the left. On 
the non-obstructed side, contrast is seen in the pelvicaly- 
ceal system and ureter. On the obstructed left side, the 
contrast medium has not yet reached the calyces. (b) A 
three-minute MIP image following contrast administration 


in a 12-month-old boy with a horseshoe kidney shows a 
delayed dense nephrogram on the right. The medulla is 
dense, but no excretion is seen into the calyceal system 
resulting in clear demarcation between the parenchyma of 
the obstructed as opposed to the non-obstructed side. The 
delayed and dense nephrogram is caused by increased 
pressure in the renal pelvis which is transmitted along the 
nephron and decreases individual kidney GFR 
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transit time of urinary filtrate through the neph- 
ron such as arterial hypotension or renal vein 
thrombosis (Brenes et al. 1966; Dyer et al. 
1986). However, there is rarely clinical confu- 
sion with these conditions when evaluating chil- 
dren with UTD. 

In 1980 Davies and Price described the uro- 
graphic signs of acute on chronic obstruction of 
the kidney (Davies and Price 1980). This is par- 
ticularly germane to pediatric uroradiology 
because in children with UTD, the obstruction is 
usually both chronic and partial (Koff 2007). 
The partial obstruction results in equilibrium 
between urine production, impaired outflow, 
and pelvic reservoir capacity (Koff 2007). A 
steady state is reached between the amount of 
urine produced and the volume of the renal pel- 
vis so that the pressure in the renal pelvis 
remains in the normal range. Koff has elegantly 
shown that UTD is a protective measure against 
increases in pressure and that chronic partially 
obstructed kidneys typically have normal or low 
pressure within the renal pelvis and collecting 
system. 

With MR urography, the kidneys are evalu- 
ated after a fluid and diuretic challenge in order 
to unmask partial obstruction and to provoke an 
acute on chronic obstruction of the kidney. If the 
production of urine exceeds the drainage capac- 
ity of the renal pelvis, the equilibrium is 
deranged. This loss of balance results in tran- 
sient increase in pelvic pressure with dilatation 
and stretching of the renal pelvis. It is this 
stretching of the renal pelvis that stimulates the 
potentially deleterious cascade of cytokines and 
vasoactive factors that can lead to permanent 
renal damage (Chevalier et al. 2010). The 
increased intrapelvic pressure is transmitted 
back through the nephron. The physiologic 
response to elevated intrapelvic pressure is for 
the GFR to decrease as glomerular filtration 
depends on the difference in hydrostatic pressure 
between the glomerulus and Bowman’s space. 
Increased pressure in the nephron is manifested 
as reduced GFR and delayed calyceal excretion. 
The signs of acute obstruction are nephrographic 
and are manifested by a delayed and increas- 
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ingly dense nephrogram (Fig. 5). The signs of 
chronic obstruction are a dilated pelvicalyceal 
system with a normal or low-intensity nephro- 
gram. Acute on chronic obstruction results in a 
combination of these signs (Davies and Price 
1980). The hallmark of an acute on chronic 
obstruction is the delayed nephrogram in a 
dilated system. In the setting of UTD, delayed 
calyceal excretion of contrast indicates increased 
intrapelvic pressure. Delayed excretion is easy 
to assess visually when the contralateral kidney 
is normal but can be challenging in children with 
a single functioning kidney or in cases of bilat- 
eral UTD. 

Urinary tract obstruction is a spectrum, and 
the change in intrapelvic pressure that occurs 
after a fluid challenge is a continuum from 
unchanged to marked increase in pressure. It is 
unknown what degree of obstruction and what 
increase in pelvic pressure will lead to subse- 
quent renal damage. However by simply dividing 
hydronephrotic systems into those with elevated 
intrapelvic pressure from those that do not have 
increased pressure, more precise prospective 
evaluation of children with UTD may be per- 
formed. It seems logical that children without 
increased pressure following a fluid and furose- 
mide challenge will not suffer further damage 
and therefore do not require surgery. The degree 
of obstruction and the amount of increased pres- 
sure that necessitates surgical intervention have 
yet to be defined. 


4.1.2 Congenital UTD 

The most common indication for MR urography 
has been the evaluation of UTD, especially in 
infants and young children. The evaluation and 
treatment of congenital UTD remain a clinical 
conundrum. Congenital UTD may be transient, 
stable, or lead to progressive renal damage. It is 
one of the most commonly identified anomalies 
and is seen on antenatal ultrasound in approxi- 
mately 1% of all pregnancies (Vemulakonda 
et al. 2014). Most experts currently advocate pri- 
mary conservative management for infants with 
UTD with close follow-up and surgery only if 
there is evidence of decreased renal function or 
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progressive UTD (Csaicsich et al. 2004; 
Eskildjensen et al. 2005; Peters and Chevalier 
2012). Infants with moderate to severe antenatal 
UTD should undergo routine postnatal imaging 
with both anatomical and functional tests 
(Vemulakonda et al. 2014). Typically between 25 
and 50% of children with antenatal UTD ulti- 
mately require surgery (Ulman et al. 2000; 
Chertin et al. 2006). 

Traditionally children with congenital UTD 
were evaluated with renal ultrasound and 
diuretic renal scintigraphy to establish baseline 
renal function. Follow-up studies were used to 
identify increasing UTD or loss of renal func- 
tion. Unfortunately diuretic renal scintigraphy 
has significant limitations when evaluating con- 
genital UTD. Impaired drainage on diuretic 
scintigraphy has been shown not to represent 
obstruction particularly in neonates, infants, and 
young children (Amarante et al. 2003). 
Additionally neither the degree of UTD nor the 
impairment of differential function nor the qual- 
ity of the response to furosemide can define 
which kidney is in danger of further deteriora- 
tion (Piepsz 2007; Piepsz 2011; Ismaili and 
Piepsz 2013). Furthermore diuretic scintigraphy 
cannot predict which kidneys may demonstrate 


Fig. 6 Synergistic evaluation of massive UTD in a 
6-month-old boy using a combination of contrast- 
enhanced and T2-weighted images. (a) The nephro- 
graphic phase shows that the right kidney is small and 
the lower pole is rotated laterally. (b) After 10 min, con- 
trast is seen in the proximal right ureter, but the anatomy 
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improved renal function following pyeloplasty 
(Piepsz 2011). 

MR urography is being used more often as the 
primary modality to evaluate children with con- 
genital UTD (McMann et al. 2006; Boss et al. 
2014). The anatomic information obtained with 
MR urography includes grading the UTD, identi- 
fication of transition in caliber of the ureter, eval- 
uation of underlying causes of obstruction such 
as kinks, strictures, or crossing vessels and pro- 
vides a morphologic assessment of the quality of 
the renal parenchyma (Fig. 6). Both the 
T2-weighted and the delayed post-contrast 
images are used synergistically to define the pel- 
vicalyceal and ureteric anatomy. The 
T2-weighted images are particularly helpful in 
children with severe UTD and/or poorly func- 
tioning systems. The volumetric T2 and post- 
contrast images can be used to generate exquisite 
volume-rendered images of the pelvicalyceal 
systems and ureters. Changes in ureteric caliber 
are useful indicators of the level of obstruction 
although they may simply reflect kinks in a tortu- 
ous and redundant ureter. 

MR urography is useful in determining the 
prognosis by preoperatively evaluating the renal 
parenchyma and identifying permanent renal 


of the distal ureter is not defined. (c) The T2-weighted 
MIP images show the massive hydroureteronephrosis 
with the distal right ureter inserting ectopically below 
the bladder base. Also note how there are only three 
calyces in the right kidney and that they are simple and 
dysmorphic 
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damage. The quality of the renal parenchyma is 
assessed both on the high-resolution T2-weighted 
images and during the parenchymal phase of the 
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nephrogram. The renal parenchyma is typically 
classified as normal, edematous, or uropathic 
and 8). On the T2-weighted images, 


(Figs. 


Fig. 7 A three-month-old boy with acute decompensated 
UTD and parenchymal edema. (a) On the axial 
T2-weighted image, the marked UTD with renal enlarge- 
ment is noted. The signal intensity of the parenchyma is 
greater than the contralateral non-obstructed left kidney 
as a result of parenchymal edema. (b) The 5 min MIP 


Fig. 8 A nine-month-old girl with significant uropathy 
and renal damage. (a) The axial T2-weighted image shows 
moderate UTD. When compared with the normal right 
kidney, the renal architecture is distorted with loss of the 
corticomedullary differentiation. Additionally there are 
innumerable small subcapsular cysts. (b) The coronal 
source image during the nephrographic phase demon- 
strates the decreased enhancement of the left kidney. The 
decreased enhancement indicates both decreased perfu- 
sion and concentration related to microvascular damage to 


image after contrast again demonstrates the enlarged right 
kidney with a markedly delayed and dense nephrogram. 
The delayed and dense nephrogram indicates that there is 
significant recoverable function if a pyeloplasty is 
performed 
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the kidney. Uropathic findings such as these are not revers- 
ible, and there will be no significant improvement in renal 
function following pyeloplasty. (c) Signal intensity versus 
time curve for the left kidney demonstrates decreased 
amplitude and prompt washout from the renal paren- 
chyma. The kidney is perfused but no significant concen- 
tration occurs. These findings are typical findings of 
uropathy and can be contrasted with the normal signal 
intensity time curve for the right kidney 
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signs that indicate underlying uropathy and per- 
manent damage include decrease in renal size, 
architectural disorganization with loss of the cor- 
ticomedullary differentiation, small subcortical 
cysts, and low cortical T2 signal intensity. The 
nephrogram in these cases usually shows dim and 
patchy contrast enhancement reflecting damage 
to the microvasculature as well as glomeruli and 
tubules. These imaging findings reflect the histo- 
logical changes of renal damage based on reduced 
glomerular number, glomerular hyalinization, 
cortical cysts, and interstitial inflammation and 
fibrosis (Elder et al. 1995; Huang et al. 2006). In 
contrast to uropathic kidneys, edematous kidneys 
are large and typically show increased signal 
intensity on the T2-weighted images. The preop- 
erative diagnosis of uropathy is important as 
these changes are permanent and will not be 
reversed following successful pyeloplasty. 
Parenchymal edema resolves following success- 
ful pyeloplasty. 

Initially, MR urography was used to evaluate 
urinary tract dilatation and obstruction by calcu- 
lating the renal transit time (RTT), which was 
defined as the time it takes for the contrast agent 
to pass from the renal cortex to the ureter below 
the lower pole of the kidney (Jones et al. 2004). 
Although the RTT calculation is similar to DRS 
for categorizing dilated systems, it has become 
apparent from the high-resolution anatomic 
images that renal drainage is dependent on the 
anatomy of the pelviureteric junction (PUJ), 
particularly the site of insertion of the ureter 
into the renal pelvis (Perez-Brayfield et al. 
2003). For drainage to occur down the ureter, 
the contrast agent has to reach the level of the 
PUJ. The ureteric insertion is variable and may 
be high on the renal pelvis, anteriorly or posteri- 
orly located (Kaneyama et al. 2006). As the con- 
trast agent macromolecule is heavier than water, 
the contrast agent layers in the dependent por- 
tions of the kidney especially when there is 
marked UTD and stasis. It is important to realize 
that the RTT is simply a measure of renal drain- 
age, that prolonged renal transit times simply 
indicate poor drainage, and that stasis of urine is 
manifested by fluid levels (Fig. 9). The RTT is 
most valuable when it occurs in less than 4 min 


Fig.9 Fluid levels. Fluid levels are often seen in the set- 
ting of marked UTD and are an indicator of stasis within 
the collecting system with the heavier contrast material 
layering along the dependent portions. Stasis does not 
necessarily mean obstruction but is generally associated 
with impaired drainage 


demonstrating that there is no 
obstruction. 

More recently, the focus of MR urography as 
well as renal scintigraphy has shifted toward 
pathophysiologic changes occurring within the 
kidney itself as opposed to a simple evaluation 
of renal drainage. Using DRS some authors 
have used the cortical transit time defined as the 
absence of activity in the subcortical structures 
within three minutes of tracer injection on 
diuretic renogram to predict functional deterio- 
ration (Schlotmann et al. 2009; Sfakianakis 
et al. 2009; Piepsz et al. 2011; Harper et al. 
2013) (Duong et al. 2013). Delayed cortical 
transit was predictive of DRF improvement 
postoperatively, and it seems the best criterion 
for identifying children for whom pyeloplasty 
is warranted (Duong et al. 2013). Delayed 
parenchymal transit as a marker of urinary tract 
obstruction was first described by Whitfield in 
1978, but DRS is limited by its poor spatial 


significant 
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resolution and has been unreliable when trying 
to separate renal parenchyma from collecting 
system especially in markedly dilated systems 
(Whitfield et al. 1978; Sfakianakis et al. 2009). 
The delayed cortical transit time described by 
renal scintigraphy represents the same patho- 
physiology as the delayed nephrogram seen on 
IVU and MR urography. The hallmark is 
delayed calyceal excretion which indicates ele- 
vated intrapelvic pressure. 

With MR urography, the diagnosis of acute 
on chronic obstruction is made more easily 
because there is clear demarcation of contrast 
in the renal parenchyma from contrast in the 
collecting system. This difference is readily 
identified on visual inspection. The dilated 
kidney is challenged by both a fluid and 
diuretic challenge prior to contrast administra- 
tion using the F-15 approach. How the kidney 
responds to this challenge determines the 
appearance of the MR nephrogram. The caly- 
ceal transit time is the time it takes for the con- 
trast to pass through the kidney, i.e., from the 
initial enhancement of the cortex until it first 
appears as high signal intensity in the depen- 
dent calyces. The calyceal transit time is anal- 
ogous to the cortical transit time derived from 
renal scintigraphy (Schlotmann et al. 2009; 
Harper et al. 2013). A delayed calyceal or cor- 
tical transit time represents delayed transit of 
Tc-MAG3 or Gd-DTPA through the renal 
parenchyma and in the setting of UTD is indic- 
ative of acute on chronic obstruction. The ele- 
vated intrapelvic pressure causes a decrease in 
the GFR, while the effective renal plasma flow 
is maintained. These pathophysiologic changes 
cause a decreased washout of Tc-MAG3 or 
Gd-DTPA from the renal parenchyma. Delayed 
cortical transit is analogous to the delayed 
nephrogram and occurs when the intrapelvic 
pressure increases, indicating physiologically 
significant obstruction. The decrease in GFR 
can be quantitated by the Patlak differential 
function when there is a discrepancy between 
the pDRF and the vDRF. Normally, the volu- 
metric and Patlak differential functions are 
similar but with acute obstruction, the Patlak 
number decreases. The greater the decrease in 
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Patlak number, the more severe the obstruc- 
tion. The great advantage of MR urography 
over renal scintigraphy is the much greater 
inherent spatial and contrast resolution so that 
identification of delayed excretion is apparent 
and straightforward even in markedly hydro- 
nephrotic systems. 

An early physiologic indicator of acute 
obstruction and increased intrapelvic pressure is 
reduction in GFR. Logically the agent most sen- 
sitive to obstruction would be an agent excreted 
by glomerular filtration. Changes in glomerular 
filtration secondary to increased pressure in the 
nephron are better demonstrated by MR urogra- 
phy than MAG3 scintigraphy because of the dif- 
ferent pathways of tracer elimination. Excretion 
of 99mTc-MAG3 is predominantly tubular, 
whereas Gd-DTPA is excreted almost exclu- 
sively by glomerular filtration. MAG3 is highly 
protein bound, its excretion is related to relative 
effective plasma flow, and it is cleared almost 
exclusively by tubular secretion (Itoh 2001). For 
this reason DTPA may be more sensitive than 
MAG3 in detecting acute obstruction (Boss 
et al. 2014). 

A useful concept when analyzing MR uro- 
grams is to define UTD as either compensated or 
decompensated in response to the Lasix and fluid 
challenge (Aaronson 1980; Jones et al. 2011) 
(Figs. 10 and 11). If there are symmetric changes 
in signal intensity of the nephrogram, and sym- 
metric or rapid calyceal transit time, it is classi- 
fied as a compensated dilated system — the fluid 
challenge has been accommodated without 
increasing the pressure in the pelvicalyceal sys- 
tem. However, when the signal intensity changes 
are asymmetric and the calyceal transit time is 
delayed, they most often indicate acute on chronic 
obstruction — the fluid challenge has exceeded the 
capacity for renal drainage and the pressure in the 
collecting system rises. These are classified as 
decompensated dilated systems. Near-normal 
renal blood flow, glomerular filtration, and tubu- 
lar function are required to develop an obstruc- 
tive nephrogram and so the findings of 
decompensation usually indicate significant 
recoverability of renal function. Signs associated 
with decompensation on MR urography include 
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Fig. 10 A 6-month-old boy with “compensated UTD.” (a) 
There is moderate UTD and caliectasis on the left with 
preservation of the corticomedullary differentiation. (b) 
Coronal post-contrast MIP images show that there has 
been rapid excretion of contrast material into the pelvicaly- 
ceal system. This rapid excretion indicates that there has 
been no increase in intrapelvic pressure and that there is an 
underlying concentration defect in the left kidney. (c) 
Signal intensity versus time curve demonstrates symmetric 


Fig. 11 A 2-year-old boy with decompensated UTD. (a) 
Coronal T2-weighted images showing marked UTD and 
parenchymal loss on the right with loss of the medullary 
pyramids. (b) Coronal MIP from the dynamic series show- 
ing normal excretion on the left. The right kidney is large 
and has a delayed dense nephrogram with delayed calyceal 
transit time. (c) Signal intensity versus time curves demon- 
strating asymmetric concentration and excretion of contrast 


parenchymal edema on the T2-weighted images, 
delayed calyceal transit time, a delayed and 
increasingly dense nephrogram, and discrepancy 
between the vDRF and the pDRF. These changes 
can also be used to grade the severity of the 
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perfusion but impaired concentration with decreased peak 
enhancement on the left. There is good washout of the con- 
trast agent from the renal parenchyma. The volumetric and 
Patlak differential functions were equivalent. All these 
parameters indicate that the left-sided dilated kidney can 
accommodate the fluid challenge without increasing intra- 
pelvic pressure. Therefore, it is categorized as a compen- 
sated system that is unlikely to deteriorate and can be 
followed conservatively 
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agent. The curve for the left kidney is normal and on the 
right represents the delayed increasingly dense nephro- 
gram. The vDRF was 47 % on the right, and the pDRF was 
37%, indicating a significant change in the GFR related to 
acute increase in intratubular pressure secondary to the 
fluid challenge. This is classified as a decompensated UTD 
and will demonstrate improved function following a suc- 
cessful pyeloplasty 


obstruction. These two patterns have different 
prognostic implications — little improvement in 
renal function can be expected following pyelo- 
plasty in compensated or severely uropathic sys- 
tems — but significant improvement is seen in 
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decompensated UTD (Little et al. 2007). Once 
the obstruction is relieved by a successful pyelo- 
plasty, the previously demonstrated delayed 
nephrogram resolves, and there is typically rapid 
calyceal excretion on the formerly obstructed 
side (Fig. 12). The rapid calyceal excretion fol- 
lowing pyeloplasty is thought to occur as a result 
of a concentration defect caused by prior medul- 
lary injury. 

It is important to remember that obstruction is 
a spectrum and the delay in the nephrogram 
ranges from minimal to marked prolongation 
reflecting the severity of the obstruction. Further 
work will determine what threshold of obstruc- 
tion should be treated. The degree of underlying 
uropathy or congenital dysplasia will determine 
not only the size and appearance of the kidney 
but also its ability to concentrate and excrete the 
contrast agent. In most cases of uropathy without 
obstruction, there is an underlying concentration 
defect that results in a dim and patchy nephro- 
gram with rapid excretion of contrast into the 
calyces. However, when uropathy is combined 
with physiologically significant obstruction, 
rather than rapid excretion, the excretion may be 
slightly delayed with symmetrical CTT, mimick- 


Fig. 12 Successful pyeloplasty in a 9-month-old infant. 
(a) Preoperative coronal MIP from the dynamic series 
demonstrating a delayed dense nephrogram on the left 
secondary to PUJ obstruction. (b) Postoperative coro- 
nal MIP image demonstrates rapid calyceal excretion 
on the left following pyeloplasty. In almost all success- 
ful pyeloplasties, there is a decrease in the degree of 
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ing a compensated UTD (Fig. 13). By first evalu- 
ating the renal parenchyma on T2-weighted 
images, the degree of medullary volume loss, 
and the appearance of the nephrogram, it is pos- 
sible to assess the presence or absence of under- 
lying uropathy. Such kidneys are classified as 
being both decompensated and uropathic. 
Kidneys with mild uropathic changes may ben- 
efit from pyeloplasty, whereas those with severe 
uropathy rarely show functional improvement 
although relief of obstruction may prevent fur- 
ther injury to the kidney (Little et al. 2007). 
Currently the calculation of DRF by renal 
scintigraphy is one of the key determinants in the 
decision when to operate in children with UTD. 
This is an overly simplistic approach to a com- 
plex problem as a kidney providing 35 % of total 
renal function may indicate uropathic, compen- 
sated, or decompensated UTD with significant 
obstruction. With MR urography the DRF is cal- 
culated on the basis of a number of parameters as 
described earlier. The vDRF represents the func- 
tioning renal mass. Since a threshold is used for 
segmentation of the kidneys, the vDRF tends to 
underestimate the function of very poorly enhanc- 
ing kidneys. The same renal segmentation is used 


UTD and rapid calyceal transit on the operated side. If 
the calyceal transit is delayed, this is usually an early 
indicator of a failed pyeloplasty. (c) Coronal MIP from 
late in the dynamic series demonstrating delayed RTT 
(8 min) but with a wide open and straight border to the 
PUJ. The vDRF and pDREF are now equivalent 


54 


Fig. 13 Successful pyeloplasty in a 1-year-old girl 
with underlying uropathy. (a) The T2-weighted axial 
image shows the marked UTD on the right with loss of 
renal parenchyma. There is loss of medullary volume 
compared with the normal left kidney. (b) Coronal MIP 
image after contrast administration demonstrates sym- 
metric calyceal excretion in the markedly enlarged, 
dilated right kidney. With the amount of uropathy seen 
on the T2-weighted images, rapid calyceal excretion of 


in the calculation of the Patlak index, and hence 
the pDRF also tends to underestimate the func- 
tion of very poorly functioning kidneys. In this 
context the pDRF is generally a more useful 
parameter since it is independent of the renal vol- 
ume. In decompensated systems there is signifi- 
cant asymmetry in the pDRF, with the degree of 
asymmetry being more pronounced in severely 
decompensated systems. 

Although it is relatively straightforward to 
determine if a system is not obstructed on the 
basis of the renal transit time, no single param- 
eter is adequate to fully characterize obstruc- 
tion. With MR urography we can now 
discriminate between compensated and decom- 
pensated dilated systems and identify uropathic 
changes. This classification has important prog- 
nostic implications: following a technically suc- 
cessful pyeloplasty, there is little change in 
function for compensated PUJ obstruction, 
there is improvement in function in decompen- 
sated PUJ obstruction, and minimal improve- 
ment is seen in uropathic kidneys. MR urography 
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contrast would be expected if the pressure in the collect- 
ing system stayed low. (c) Following successful pyelo- 
plasty, the coronal MIP image after contrast 
administration demonstrates rapid calyceal excretion of 
contrast indicating that the underlying PUJ obstruction 
that caused increased pressure on the prior study has 
resolved. Also note that the size of the kidney is smaller 
with less distension of the renal pelvis and parenchyma 


provides a wealth of information in the evalua- 
tion of obstructive uropathy that provides a 
nuanced evaluation that helps select those 
patients most likely to benefit from surgical 
intervention and to predict outcome in individ- 
ual patients. 

One of the perceived limitations of MR urog- 
raphy has been the lack of widely available pro- 
grams to perform quantitative functional analysis. 
However, the intrinsic high contrast and spatial 
resolution of MR urography combined with rapid 
temporal resolution produce images that enable 
robust semiquantitative analysis. Simply by ana- 
lyzing the images visually, the size, quality, and 
function of the kidneys can be assessed, and by 
evaluating the passage of contrast through the 
kidneys, physiologically significant obstruction 
can be identified as a delayed nephrogram. Most 
importantly the preoperative MR urogram is pre- 
dictive of the postoperative appearance following 
successful pyeloplasty and can identify children 
who will benefit from surgery (Little et al. 2007; 
Jones et al. 2011). 
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Take Away 

The diagnosis of urinary tract obstruction 
is challenging because it represents a con- 
tinuum. Using MR urography dilated sys- 
tems can be classified as compensated or 
decompensated based on the excretion of 
contrast material into the collecting sys- 
tem. Knowledge gained from prior studies 
of IVU provides physiological insights into 
MR urography. The preoperative MR uro- 
gram is predictive of the postoperative 
appearance following successful 


pyeloplasty. 


4.1.3 PUJ Obstruction 

PUJ obstruction is a complex and temporally 
dynamic process that comprises a spectrum from 
reversible UTD to severe parenchymal changes 
that may necessitate pyeloplasty or nephrectomy 
(Rosen et al. 2008; Ismaili and Piepsz 2013). 
Each child with a PUJ obstruction is unique. PUJ 
obstruction may be idiopathic, secondary to a 
neuromuscular defect at the ureteropelvic junc- 
tion, or associated with abnormalities such as 
aberrant lower pole vessels, kinks, adhesions, or 
abnormal angulations (Hashim and Woodhouse 


Fig. 14 PUJ obstruction secondary to crossing vessel in 
a 12-year-old boy. (a) Coronal MIP image after contrast 
administration demonstrates a delayed dense nephrogram 
on the left. (b) Delayed post-contrast image shows a 
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2012; Rodriguez 2014). In many cases it may be 
multifactorial (Williams et al. 2007). There are 
two distinct populations of PUJ obstruction: 
young infants diagnosed with antenatal UTD 
who are usually asymptomatic and older children 
who present with symptoms related to abdominal 
pain or infection. The decision to operate is usu- 
ally straightforward in the symptomatic 
population. 

The aorta and main renal arteries are routinely 
visualized during the early dynamic imaging 
phase. Accessory and crossing vessels are com- 
monly seen, and the 3D images from early and 
late data sets can be superimposed to delineate 
the relationship of these vessels to the anatomic 
change in caliber (Fig. 14). Although PUJ 
obstruction related to crossing vessels is typically 
seen in older children, crossing vessels are often 
seen in association with PUJ obstruction in young 
infants (Krepkin et al. 2014). 

There has been debate in the literature about 
whether there is improvement in renal function 
following pyeloplasty (Shokeir et al. 1999; 
Castagnetti et al. 2008; Wu et al. 2012; Bhat 
et al. 2012; Harraz et al. 2013). Pediatric pyelo- 
plasty is considered a very successful procedure 
for PUJ obstruction with success rates as high as 
98 % although the criterion for success is vari- 


rounded configuration to the inferior aspect of the renal 
pelvis. (c) Arterial MIP image obtained from early volu- 
metric acquisition shows the lower pole accessory artery 
crossing at the level of the PUJ 
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able (Pohl et al. 2001). Because most children 
with PUJ obstruction are asymptomatic, the aim 
of surgery is preservation of renal function. 
Residual dilatation may persist for years. Amling 
et al. reported that at 1 month after pyeloplasty, 
92% of renal ultrasounds are similar or worse 
than preoperative studies although 91 % showed 
improvement by 8 years. Postoperative imaging 
following pyeloplasty is important to demon- 
strate that the surgery was successful especially 
in infants and children who were asymptomatic 
preoperatively. The definition of successful 
pyeloplasty is variable and ranges from stable to 
decrease in UTD and/or improvement in func- 
tion or drainage demonstrated by renal scintigra- 
phy (Pouliot et al. 2010). The problems posed by 
preoperative evaluation with scintigraphy are 
also problematic following  pyeloplasty 
(Amarante et al. 2003; Piepsz 2011; Ismaili and 
Piepsz 2013). Postoperative ultrasound may pro- 
duce misleading results if not performed under 
standardized hydration (Pohl et al. 2001; 
Riccabona 2010). 

The postoperative evaluation of a pyeloplasty 
with MR urography is straightforward and is 
able to discriminate a successful pyeloplasty 
from an equivocal or failed pyeloplasty (Little 
et al. 2007). On MR urography a successful 
pyeloplasty is characterized by rapid calyceal 
transit time, symmetric nephrograms, and 
almost equivalent pDRF and vDRF. The PUJ is 
shown to be widely patent. The preoperative 
delayed calyceal excretion secondary to 
increased intrapelvic pressure resolves and 
rapid calyceal excretion occurs as a result of an 
underlying concentration defect in a system 
with low intrapelvic pressure. Preoperative 
functional discrepancies typically resolve, and 
the degree of UTD is typically improved, 
although dilation and calyceal clubbing persist. 
The renal transit time often remains prolonged, 
indicating stasis and poor mechanical drainage 
(Kirsch et al. 2006; Little et al. 2007). Those 
children who have decompensated systems have 
significant improvement in renal function fol- 
lowing pyeloplasty, whereas in those with com- 
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pensated systems, there is little change in renal 
function. An equivocal pyeloplasty shows 
improved but persistent delay in calyceal excre- 
tion with narrowed PUJ. A failed pyeloplasty 
shows findings of persistent acute obstruction 
(Fig. 15). 


Take Away 

MR urography can identify children with 
significant physiological obstruction sec- 
ondary to PUJ obstruction and in some cases 
identify the cause. MR urography is useful 
in the postoperative evaluation by demon- 
strating rapid calyceal excretion which is the 
hallmark of a successful pyeloplasty. 


4.1.4 Ureteric Anomalies That May 
Mimic PUJ Obstruction 

An advantage of MR urography over other 
modalities is the ability to identify ureters reli- 
ably in most children using the combination of 
T2 and post-contrast images. By delineating the 
ureteric anatomy, conditions which may mimic 
PUJ obstruction are readily diagnosed. Persistent 
fetal folds can be differentiated from mid-ureteric 
strictures. Fetal folds are typically seen in young 
infants with numerous small kinks or folds seen 
in the upper and mid-ureters. The UTD is com- 
pensated, and there is a classical corkscrew 
appearance to the upper ureter. Persistent fetal 
folds are considered a normal variant in that the 
UTD tends to be mild and self-limited, and there 
is no or only minimal impairment of renal 
function. 

Children with ureteric strictures typically 
present with antenatal UTD but may present 
with pain, incontinence, or urinary tract infec- 
tion (Arlen et al. 2014). The ureteric strictures 
typically occur in the mid-ureter but may be dis- 
tal or rarely proximal (Fig. 16). Associated 
anomalies are common and include MCDK, 
duplication of the collecting system, paraure- 
teral diverticulum, and ectopic ureterocele. 
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Fig. 15 Failed pyeloplasty in a 6-month-old boy with 
PUJ obstruction. (a) Axial T2-weighted image shows a 
dilated right renal pelvis with only mild caliectasis. 
There is preservation of the corticomedullary differen- 
tiation. (b) Coronal MIP image after contrast adminis- 
tration demonstrates a delayed and dense nephrogram 
on the right. The lower pole of the kidney is rotated 


Mid-ureteric strictures are often misdiagnosed 
by ultrasound and renal scintigraphy (Hwang 
et al. ). Preoperative diagnosis of ureteric 
strictures is important as the surgical approach 
varies depending on the location of the stricture. 
The combination of transition in ureteric caliber 
with decompensated UTD is the key feature in 
the diagnosis of mid-ureteric stricture. Although 
mid-ureteric strictures have been considered a 
rare anomaly in children, they are readily diag- 
nosed by MR urography, and this condition has 


laterally. (c) Following pyeloplasty the degree of UTD 
has increased with greater dilatation of the calyces. (d) 
Coronal MIP image after contrast administration dem- 
onstrates persistent delayed and dense nephrogram on 
the right. The nephrogram is also patchy indicating 


developing uropathy as a result of the failed 


pyeloplasty 


probably been underdiagnosed by traditional 
modalities (Arlen et al. 2014). 

Fibroepithelial polyps may be seen in up to 
0.5 % of children with PUJ obstruction and have 
been notoriously difficult to diagnose preopera- 
tively (Shive et al. ). They are more com- 
monly seen in boys and on the left side (Niu et al. 

). The polyps are usually in the upper ureter 
and may prolapse into the renal pelvis and mimic 
PUJ obstruction (Fig. 17). Fibroepithelial polyps 
are readily diagnosed by MR urography as 
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Fig. 16 Mid-ureteric stricture in a 5-year-old girl with 
recurrent left-sided abdominal pain. (a) Delayed coronal 
MIP image after contrast administration demonstrates 
moderate left-sided hydroureteronephrosis with transition 
in caliber in the distal third of the ureter. Note the delayed 
and dense nephrogram on the left. (b) Retrograde pyelo- 
gram confirms the ureteric stricture 


elongated filling defects in the ureter (TKK Lai 

; Patheyar et al. ). Retrocaval ureter is a 
developmental anomaly that rarely presents in 
children (Barker and Soundappan ; Acharya 
et al. ; Gonzalez et al. ). It is more com- 
mon in boys and usually on the right side. They 
typically present with pain, UTI, or hematuria 
and have a high incidence of developing calculi 
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Fig. 17 Fibroepithelial polyp in an 8-year-old boy caus- 
ing left-sided PUJ obstruction. (a) Axial T2-weighted 
image showing moderate left-sided pelvicaliectasis. (b) 
Coronal MIP image after contrast administration demon- 
strates an irregular and serpiginous filling defect extend- 
ing from the renal pelvis into the proximal left ureter 


(Acharya et al. ). With MR the dilated upper 
ureter can be demonstrated curving upward and 
medially (Uthappa et al. ). 


Take Away 

MR urography is useful in identifying 
abnormalities that mimic PUJ obstruction. 
These include persistent fetal folds, mid- 
ureteric strictures, fibroepithelial polyps, 
and retrocaval ureter. 
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4.1.5 Megaureter and the 
Ureterovesical Junction (UVJ) 
Obstruction 

Any dilatation of the distal ureter 7 mm or greater 

is abnormal (Farrugia et al. 2014). Megaureters 

were initially classified by Smith into four catego- 
ries, obstructed, refluxing, refluxing with obstruc- 
tion, and nonrefluxing/non-obstructed, which was 
later subdivided into primary and secondary by 

King (Smith et al. 1977; King 1980). Almost all 

children with primary megaureter measuring less 

than 10 mm resolve spontaneously although it 
may take up to 5 years (Ranawaka and Hennayake 

2013). If the diameter is >15 mm, spontaneous 

resolution occurs rarely (Gimpel et al. 2010). 

Most cases of megaureter are nonobstructive and 

nonrefluxing (Hodges et al. 2010). Ultimately, 

only about 20 % of children with megaureter will 
undergo surgery (Hodges et al. 2010; Gimpel 

et al. 2010; Arena et al. 2012). 

Traditionally, children with megaureter have 
been followed conservatively, and surgery is 
reserved for cases that have an initial DRF <40 % 
especially when associated with massive UTD 
or failure of conservative treatment (break- 
through UTIs, pain, worsening dilatation, or 
deteriorating DRF over time (Farrugia et al. 
2014). Some cases with a DRF <40% have 
renal hypo-/dysplasia (Gimpel et al. 2010). 
Underlying renal dysplasia or uropathy can be 
readily identified on the MR scans showing dis- 
organized renal parenchyma and dysmorphic 
calyceal anatomy. 

The key to correct classification of megaure- 
ter is to evaluate the ureteric insertion for ure- 
terocele or ectopia, to determine if physiologically 
significant obstruction is present, and to identify 
associated renal dysplasia or damage. Ultrasound 
is the primary method to identify the child with 
megaureter, and voiding cystourethrography 
should be obtained to demonstrate VUR or a 
cause of bladder outlet obstruction such as pos- 
terior urethral valves. Once VUR and bladder 
outlet obstruction are excluded, a functional test 
is used to identify obstruction at the 
UVJ. Interpretation of MAG3 renogram in the 
presence of a megaureter can be difficult because 
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of the large capacity of the ureter (Gordon 2001). 
The washout curve should be evaluated with 
caution, and decisions to operate are typically 
based on decrease in the differential renal 
function. 

The distal ureteric anatomy is well demon- 
strated with MR urography (Avni et al. 2001). 
Ectopic ureteric insertion either in single sys- 
tems or in combination with duplex systems can 
usually be delineated on the delayed post-con- 
trast images or on the T2-weighted images even 
when dealing with markedly dilated or poorly 
functioning system (Fig. 18). Axial and sagittal 
T2-weighted images of the bladder can be help- 
ful in identifying anomalies of the distal ureter 
in dilated systems and delayed contrast-enhanced 
images in non-obstructed systems. The diagno- 
sis of primary megaureter is made when the ure- 
ter measures more than 7 mm in diameter and 
the ureteric insertion into the bladder is normally 
located. The appearance of megaureter ranges 
from marked hydroureter with severe UTD to 
mild hydroureter more pronounced in the distal 
ureter without UTD. MR urography is superior 
to other modalities in the ability to delineate the 
dilated ureter as well as to differentiate it from 
other causes of a dilated ureter such as distal ure- 
teric strictures and ectopic insertion of the 
ureter. 

Using MR urography, the differentiation of 
obstructed from non-obstructed megaureter is 
made on the basis of physiologic changes dem- 
onstrated by the excretion of the contrast by the 
kidneys identical to the criteria used for PUJ 
obstruction. Most cases of megaureter are not 
obstructed and appear as compensated UTD 
with rapid or symmetric calyceal transit times 
(Fig. 19). When the calyceal excretion is 
delayed, it indicates physiologically significant 
obstruction (Fig. 20). Again, focusing on the 
changes that occur in the kidney is crucial in 
identifying children who may benefit from sur- 
gery. In most children with obstructed primary 
megaureter, there is only mild delay in calyceal 
excretion due to the reservoir effect of the large 
ureter so that little pressure increase is transmit- 
ted back to the kidneys. A markedly delayed 
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Fig. 18 Ectopic upper pole insertion associated with 
duplex collecting system. (a) Coronal T1 flair image prior 
to contrast administration shows the mild dilatation of the 
upper pole ureter on the right. The distal ureter tapers and 


inserts directly into the urethra. (b) Coronal T2-weighted 
image again demonstrates the ectopic ureteric insertion 
into the urethra. There is minimal renal dysplasia of the 
upper pole parenchyma 


Fig. 19 Renal hypoplasia associated with massive 
hydroureteronephrosis in a 3-month-old boy. (a) 
Coronal MIP image after contrast administration dem- 
onstrates a small right kidney with relatively rapid 
excretion into the renal pelvis when compared to the 
normal left kidney. The rapid excretion is related to 


dense nephrogram with primary megaureter is 
rare, and if there is evidence of high-grade 
obstruction, careful analysis should be per- 
formed to try to identify a combined PUJ and 
UV] obstruction. 


underlying uropathy associated with a concentration 
defect. (b) Volume-rendered T2-weighted image dem- 
onstrates the marked hydroureteronephrosis. The ureter 
inserted into the posterior urethra. Note the simplified 
and dysplastic calyceal anatomy of the hypoplastic right 
kidney 


MR urography is the best technique to reveal 
subtle duplication with infrasphincteric insertion 
in girls with incontinence. Ectopic insertion 
occurs with abnormal ureteric bud migration and 
usually results in caudal ectopia. In girls, the 
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Fig.20 Obstructive megaureter in a 6-month-old boy. (a) 
Coronal T2 MIP demonstrates the dilated upper system on 
the right. (b) Coronal MIP image after contrast adminis- 
tration demonstrates a delayed dense nephrogram with 


ureter may insert into the lower bladder, urethra, 
vestibule, or vagina. Rarely, it can empty into the 
uterus or a Wolffian duct remnant such as a 
Gartner duct or cyst. In boys it may empty into 
the lower bladder, posterior urethra, seminal ves- 
icle, vas deferens, or ejaculatory duct (Berrocal 
et al. 2002). The fundamental difference is that in 
females, ectopic ureters may insert distal to the 
external sphincter and be associated with inconti- 
nence, whereas in boys it always inserts above 
the external urethral sphincter. The upper pole of 
a duplex kidney may remain unrecognized until 
late in childhood. MR is able to demonstrate 
small dysplastic or cystic upper poles which may 
be invisible on ultrasound (Avni et al. 2001). The 
amount of functioning kidney parenchyma may 
be small and the calyces hypoplastic (Fig. 21). If 
there is a suspicion of a duplex kidney with ecto- 
pic ureteric insertion, MR should be used to eval- 
uate the anomaly. 

Occasionally, an ectopic ureter can drain a sin- 
gle kidney, but 70% are associated with complete 
ureteral duplication. In boys an ectopic ureter 
drains a single system more commonly, and they 
can be bilateral in 10 % (Fig. 22). The most frequent 
anomaly associated with an ectopic ureter is hypo- 
plasia or dysplasia of the renal moiety. In ectopic 
insertion of a single collecting system, the involved 
kidney is usually small and dysplastic. When an 
ectopic ureter drains outside the urinary system, the 


pronounced concentration in the renal medulla. (c) 
Delayed coronal MIP image after contrast administration 
demonstrates the right-sided UTD with normal insertion 
of the distal ureter into the bladder 


ectopic insertion may not be seen on 
VCUG. Bilateral single ectopic ureters are rare and 
are usually associated with a poorly developed 
bladder and bladder neck. Associated genital and 
renal anomalies are common and are associated 
with renal dysplasia and UTD (Fig. 22) (see also 
Chaps. 7, 9, and 26). They usually present with 
UTD or urinary tract infection. 


Take Away 

In the evaluation of megaureter, MR urog- 
raphy is used to evaluate the ureteric inser- 
tion for ureterocele or ectopia, to determine 
if obstruction is present, and to identify 
associated renal dysplasia or uropathy. MR 
urography is the optimum method to evalu- 
ate suspected ectopic ureters in patients 
with incontinence. 


4.1.6 Ureteroceles 

Ureteroceles are a common congenital malfor- 
mation seen mostly in Caucasians and more fre- 
quently in girls (Shokeir and Nijman 2002). 
Ureteroceles are defined as cystic dilatation of 
the intravesical submucosal ureter. They are cat- 
egorized as intravesical ureteroceles or as ecto- 
pic when some portion involves the bladder 


62 


Fig. 21 Ectopic ureteric insertion in an 8-year-old girl 
with incontinence. Previous renal ultrasounds were nor- 
mal. (a) Coronal MIP image after contrast administration 
demonstrates a delayed and dense nephrogram of the 
upper pole moiety with a small dysplastic calyx. The fill- 


J.D. Grattan-Smith and R.A. Jones 


ing defect in the bladder is the balloon from the urethral 
catheter. (b) T2 volume-rendered image shows the pro- 
nounced dilatation of the upper pole ureter distally with 
an ectopic insertion below the bladder base 


Fig. 22 A six-week-old boy with bilateral UTD detected 
antenatally. (a) Coronal T2-weighted image shows bilat- 
eral hydroureteronephrosis with the ureters inserting into 
the posterior urethra. (b) Delayed coronal MIP image 


neck or urethra. Ectopic ureteroceles are more 
common and usually associated with duplex 
systems. Ureteroceles range in size from small 
cystic dilatation to large cyst-like spaces filling 
the bladder in a balloon-like fashion. 


after contrast administration demonstrates the bilateral 
hydroureteronephrosis with dysplastic pelvicalyceal sys- 
tems. Filling defects in the left renal pelvis are secondary 
to pyonephrosis 


Ureteroceles associated with the upper pole of a 
duplex system are commonly associated with 
renal dysplasia (Fig. 23). The management of 
ureteroceles depends on associated obstruction, 
VUR, continence, and renal function. On MR 
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Fig. 23 Duplex system with ectopic ureterocele. (a) 
Axial T2-weighted image shows the dilated distal right 
ureter with the ureterocele at the right bladder base. 
Balloon from urethral catheter is seen on the left side of 
the bladder. (b) Delayed coronal MIP image after contrast 


administration demonstrates a duplex right kidney with 
upper pole UTD. The upper pole nephrogram is dim and 
patchy indicating renal dysplasia. Note the bilobed filling 
defect at the bladder base representing both the uretero- 
cele and the balloon of the urethral catheter 


Fig. 24 Duplex system with orthotopic ureterocele. (a) 
Coronal T2-weighted image shows the duplex right kid- 
ney hydroureteronephrosis of the upper pole ureter. Note 
the “cobra head” appearance of the upper pole ureteric 


imaging ureteroceles appear as round, cyst-like 
structures in the bladder with a thin and smooth 
well-defined wall. A ureterocele should not be 
confused with the balloon of a urinary catheter. 
Virtual MR cystography is a recently described 
technique which has been shown to be most sen- 
sitive in detection of ureterocele extension and 


insertion. (b) Sagittal T1-weighted image shows contrast 
medium filling the distal right ureter again defining the 
orthotopic ureterocele 


its precise anatomy, particularly in bilateral and 
ectopic types (Esfahani et al. ). 

A characteristic “cobra head” deformity of the 
distal ureter is produced when opacified urine in the 
ureterocele is surrounded by the halo that represents 
the walls of the ureterocele (Fig. 24). Occasionally 
an ectopic ureter inserting into the urethra can ele- 
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vate the floor of the bladder sufficiently to mimic a 
ureterocele. This is referred to as a “pseudouretero- 
cele.” Single system, usually orthotopic, uretero- 
celes are associated with better function and less 
UTD than the more common, usually ectopic, ure- 
teroceles of duplex systems. 


Take Away 

On MR urography, ureteroceles appear as 
round, cyst-like structures in the bladder 
with a thin, smooth, and well-defined wall. 


4.2 Congenital Anomalies 
of the Kidney and Urinary 


Tract (CAKUT) 


Congenital anomalies of the kidney and urinary 
tract describe a wide range of structural malfor- 
mations (Pope et al. 1999; Miyazaki and Ichikawa 
2003; Sanna-Cherchi et al. 2009; Vivante et al. 
2014; Rodriguez 2014; Soares dos Santos Junior 
et al. 2014). Abnormalities in urinary tract devel- 
opment occur in approximately 10% of the pop- 


Fig. 25 Renal hypodysplasia contralateral to multicystic 
dysplastic kidney. (a) Coronal T2-weighted image shows 
multicystic dysplastic kidney on the left with apparently 
normal renal parenchyma on the right. (b) Delayed coronal 
MIP image after contrast administration demonstrates no 
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ulation (Bonsib 2010). Some of these disorders 
are detected as part of a syndrome affecting mul- 
tiple organ systems or in children with a positive 
family history. Most however are sporadic and 
confined to the urinary tract. The pathology of 
CAKUT occurs secondarily to a disturbance in 
normal nephrogenesis and can be due to genetic 
abnormalities in renal development (Miyazaki 
and Ichikawa 2003; Rodriguez 2014). CAKUT 
includes renal agenesis, renal malformations 
such as horseshoe and crossed fused kidneys, 
hypodysplasia, multicystic dysplastic kidneys 
(MCDK), UTD, PUJ obstruction, megaureter, 
duplication of the urinary tract, VUR, and poste- 
rior urethral valves. They account for up to 50 % 
of children with chronic renal disease. CAKUT 
may arise from mutations in a multitude of differ- 
ent single-gene causes (Vivante et al. 2014). MR 
urography offers an opportunity to study these 
malformations in vivo and to detect subtle abnor- 
malities in the contralateral kidney (Kalisvaart 
et al. 2011). Abnormalities of calyceal anatomy 
are a useful indicator of underlying developmen- 
tal abnormalities and are best demonstrated by 
MR urography on 3D volume-rendered images 
(Fig. 25). The calyces develop from the ureteric 


evidence of renal function on the left. Close inspection of 
the right kidney shows a very simplified pelvicalyceal sys- 
tem indicating renal hypodysplasia. (c) T2 volume-ren- 
dered image confirms the markedly simplified pelvicalyceal 
system on the right with only two formed calyces 


MR of the Urogenital Tract in Children 


bud in a complex process of growth, branching, 
and remodeling termed branching morphogen- 
esis (Blake and Rosenblum 2014; Bohnenpoll 
and Kispert 2014). Each successive division of 
the ureteric bud is binary until the entire collect- 
ing system is formed. Abnormal calyceal devel- 
opment is almost universally associated with 
small kidneys and reflects abnormal interaction 
between the ureteric bud and metanephric mes- 
enchyme and is a useful marker of CAKUT (see 
also Chaps. 7 and 26). 

Currently, the diagnosis of renal dysplasia is 
based on the histological identification of primi- 
tive tubules surrounded by stroma, smooth mus- 
cle collars, metaplastic cartilage, dysmorphic 
nerves and vessels, and erythropoietic cells 
(Greenbaum 2007). It is a descriptive term of a 
heterogeneous group of disorders with diverse 
etiologies and represents one of the most com- 
mon causes of end-stage renal disease in chil- 
dren. However, because the diagnosis is made 
only after biopsy, nephrectomy, or autopsy, there 
is no practical or clinically useful classification. 
There are two main theories regarding dysplasia 
(Woolf 2004). It is thought to occur either as a 
result of failure of primary ureteric bud interac- 
tion with the metanephric mesenchyme or occur 
secondary to urinary tract obstruction. The 
appearance of dysplasia secondary to obstruction 
is thought to be related to both the timing and the 
severity of the obstruction. The various forms of 
renal dysplasia include multicystic dysplastic 
kidney (MCDK), cystic obstructive dysplasia, 
hypodysplasia, and solid renal dysplasias 
(Glassberg 2002). Mackie and Stephens sug- 
gested that renal dysplasia is closely correlated 
with an abnormal ureteral orifice location 
(Mackie and Stephens 1975). A laterally posi- 
tioned ureteric bud provides an embryological 
explanation for VUR. The mismatch between the 
laterally positioned ureteric bud and the meta- 
nephros during early gestation results in dyspla- 
sia as well as VUR. Risdon has described 
hypoplasia and dysplasia in a large majority of 
boys with gross reflux (Risdon 1993). The typical 
imaging features associated with dysplastic kid- 
neys include small size, disorganized architecture 
with loss of normal corticomedullary differentia- 
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Fig. 26 Bilateral renal dysplasia. (a) Axial T2-weighted 
image showing lobulated outline to both kidneys with het- 
erogeneous signal intensity and loss of corticomedullary 
differentiation. (b) Delayed coronal MIP image after 
contrast administration demonstrates patchy and irregular 
contrast enhancement most marked in the upper poles 
bilaterally. The calyces are deformed and reduced in 
number 


tion, small subcortical cysts, decrease in signal 
intensity on T2-weighted images, and poor 
perfusion manifested as a dim and patchy nephro- 
gram with dysmorphic calyces (McMann et al. 
2006; Grattan-Smith et al. 2007; Grattan-Smith 
et al. 2010) (Fig. 26). These are similar to the fea- 
tures previously described as representing uropa- 
thy in children with antenatally diagnosed PUJ 
obstruction (Fig. 27). 

Children born with a solitary functioning kid- 
ney have a greater predisposition to develop renal 
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Fig. 27 Unilateral renal dysplasia with contralateral 
compensatory hypertrophy. (a) Axial T2-weighted image 
shows a small left kidney with loss of corticomedullary 
differentiation. Several small subcortical cysts are present. 
(b) Coronal MIP image after contrast administration dem- 
onstrates the small left kidney with rapid calyceal excre- 


insufficiency and hypertension in early adult life 
due to reduced nephron mass (Chevalier 2009; 
Schreuder 2012; Westland et al. 2013; Lankadeva 
et al. 2014). The majority of congenitally small 
kidneys also exhibit evidence of renal dysplasia. 
Ultrasound is unable to discriminate hypoplasia 
from dysplasia. Severe reduction in nephron 
numbers that are characteristic of renal hypopla- 
sia/dysplasia is the leading cause of ESRD in 
children (Cain et al. 2010). There is a signifi- 
cantly poorer outcome for patients carrying bilat- 
eral renal hypodysplasia, solitary kidneys, and 
posterior urethral valves compared with other 
categories. By 30 years of age, nearly 50% of 
patients with a solitary kidney may be on dialysis 
(Chevalier 2009; Sanna-Cherchi et al. 2009). 
Children with contralateral abnormalities are at 
increased risk of hyperfiltration injury. MR urog- 
raphy can detect renal hypodysplasia on the basis 
of reduced number of calyces similar to prior 
studies using intravenous urography (Risdon 
et al. 1975) (Fig. 28). 

Anomalies of renal position and rotation are 
well demonstrated by the high-resolution ana- 
tomic images. Horseshoe and ectopic kidneys 
can be easily separated from the background 


tion secondary to underlying uropathy and dysplasia. The 
right kidney is enlarged and shows normal concentration 
within the renal medulla. (c) Delayed coronal MIP image 
after contrast administration demonstrates and shows the 
small left kidney with dysmorphic and simplified pelvi- 
calyceal system 


and overlying tissues (Fig. 29). Ectopic kidneys 
are usually in the pelvis and rarely in the thorax. 
They are often small, lobulated with abnormal 
rotation and dysmorphic extrarenal calyces 
(Fig. 30). There is an increased incidence of 
PUJ obstruction in ectopic kidneys. If the two 
developing kidneys come into contact, fusion 
anomalies such as horseshoe, crossed fused kid- 
neys, or lump kidneys result. MR urography 
provides superior anatomical delineation of the 
structural abnormality as well as being able to 
characterize associated anomalies such as PUJ 
obstruction. Accurate anatomic delineation is 
important when surgery is contemplated as the 
approach may be retroperitoneal or transperito- 
neal. Hypoplastic kidneys associated with ure- 
teric ectopia and supernumerary kidneys, which 
have been difficult to demonstrate with other 
imaging modalities, can usually be demon- 
strated even if there is minimal renal function 
(Fig. 31). 

Anomalies of the calyces have been consid- 
ered rare but are commonly visualized using MR 
urography. In the normal kidney, there are 
between 7 and 14 calyces on each side. Congenital 
calyceal anomalies include calyceal diverticula, 


MR of the Urogenital Tract in Children 


Fig. 28 Prune belly syndrome with dysplastic calyces. 
(a) Axial T2-weighted image demonstrates two normal- 
appearing kidneys without significant UTD. There is pre- 


served corticomedullary differentiation. Note the 
deformity of the abdomen related to underlying prune 


hydrocalyx and Fraley’s syndrome, megacalyces, 
polycalycosis, and  infundibular stenosis. 
Calyceal diverticula are outpouches from the 
calyces and are often complicated by develop- 
ment of renal stones (Waingankar et al. 2014). 
The diverticula communicate with the main col- 
lecting system via a narrow channel and fill pas- 
sively with urine (Fig. 32). They are often 
peripelvic in location and usually seen as small 
round cystic structures on ultrasound. Delayed 
imaging with MR urography is diagnostic by 
identifying progressive filling of the calyceal 
diverticulum. 

Hydrocalyx may be caused by extrinsic or 
intrinsic anomalies (Fig. 33). Fraley’s syndrome 
is a rare condition characterized by severe flank 
pain and is caused by a vessel obstructing an 
upper pole calyx. The hydrocalyx is demon- 
strated on the T2 and delayed post-contrast 
images, while the crossing vessel is defined on 
the vascular phase of the MR urogram. Congenital 
infundibular stenosis is rare and characterized by 
progressive narrowing of the infundibulum with 
progressive dilatation of the calyx (Lucaya et al. 
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belly syndrome. (b) Delayed coronal MIP image after 
contrast administration demonstrates bilateral simplified 
and dysmorphic pelvicalyceal systems with redundant 
ureters. The bladder is large and irregularly shaped 


1984; Nurzia et al. 2002). It may be localized or 
diffused. The renal pelvis is often small and ste- 
notic. Infundibular stenosis has been reported 
contralateral to multicystic dysplastic kidney 
(Dally et al. 2011). 

Megacalycosis is characterized by dilated, 
malformed calyces without obstruction (Redman 
and Neeb 2005; Pieretti- Vanmarcke et al. 2008). 
It is usually unilateral and more frequent in 
males. Rarely it is bilateral. Additionally, the 
number of calyces may be increased. 
Megacalycosis is characterized by hypoplastic 
medullary pyramids, and the calyces are often 
polyclonal and faceted rather than the blunted 
calyces typically associated with obstruction. 
Usually there is disproportion between the dila- 
tation of the calyces and the normal size of the 
renal pelvis and ureter. Although megacalycosis 
is not typically associated with obstruction, 
some cases have been noted (Whitaker and 
Flower 1981) (Fig. 34). MR urography is rec- 
ommended to differentiate megacalycosis from 
infundibular stenosis or other obstructive 
entities. 
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Fig. 29 Horseshoe kidney with bilateral megaureter. (a) 
Axial T2-weighted image shows the isthmus connecting 
the lower poles of both kidneys across the midline. (b) 
Coronal MIP image after contrast administration demon- 
strates symmetric enhancement and medullary concentra- 
tion of the horseshoe kidney. (c) There is relatively rapid 


Take Away 

MR urography characterizes congenital 
abnormalities of the urinary tract including 
abnormalities of calyceal development 
more precisely than other modalities. It is 
important to evaluate the entire urinary 
tract as these abnormalities are often mul- 
tiple and may be overlooked. 


excretion of the contrast into the left pelvicalyceal system 
and ureter indicating an obstructive component on the 
right. (d) Delayed coronal MIP image after contrast 
administration demonstrates the bilateral hydroureterone- 
phrosis more marked on the right than the left 


4.3 Pyelonephritis and Renal 


Scarring 


Although urinary tract infection (UTD is com- 
mon in childhood, the imaging workup remains 
controversial (see also Chaps. and 30). 
Various strategies have been used including 
ultrasonography, VCUG, and DMSA to diag- 
nose and detect complications of UTI. With the 
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Fig. 30 Malrotated, ectopic kidney with contralateral 
PUJ obstruction. (a) Axial T2-weighted image through 
the pelvis demonstrates the ectopic left kidney with the 
renal pelvis rotated anteriorly. (b) Axial T2-weighted 
image at the level of the renal fossa shows a normally 
positioned right kidney with only mild UTD. (c) Coronal 
MIP image after contrast administration demonstrates a 


addition of DWI, MR imaging is now the most 
accurate way to identify acute pyelonephritis 
and differentiate acute pyelonephritis from renal 
scarring (Weiser et al. ; Kavanagh et al. 

; Grattan-Smith et al. ; Martina et al. 

; De Pascale et al. ; Vivier et al. : 
Faletti et al. 13; Cerwinka et al. 14). MR 
urography is able to differentiate areas of acute 
pyelonephritis from developed renal scars on 
the basis of mass effect and inflammatory 
changes. Acute pyelonephritis is associated with 


delayed dense nephrogram on the right with the malro- 
tated ectopic kidney on the right. (d) Delayed coronal 
MIP image after contrast administration demonstrates 
ballooning of the renal pelvis with distention of the caly- 
ces in response to the fluid and diuretic challenge. The 
changes are more pronounced on the right 


edema, loss of corticomedullary differentiation, 
and patchy contrast enhancement (Fig. 35). On 
DWI images areas of pyelonephritis restrict dif- 
fusion with high signal on DWI images and 
decreased ADC values compared to noninfected 
parenchyma. The restricted diffusion is proba- 
bly related to edema in the renal parenchyma 
and accumulation of inflammatory cells within 
the renal tubules. DWI is more sensitive to non- 
complicated pyelonephritis, and contrast- 
enhanced MR is more useful in diagnosing renal 
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Fig.31 An 11-year-old girl with incontinence and hypo- 
plastic ectopic right kidney. (a) Coronal T2 MIP image 
demonstrates a normal left kidney and no appreciable 
parenchyma in the right renal fossa. There is a small right 
kidney with dilated renal pelvis located at the pelvic brim. 
The dilated right ureter can be traced below the bladder 


abscess (Faletti et al. 2013). The duration of 
restricted diffusion after acute pyelonephritis is 
as yet unknown and will be important to under- 
stand if DWI is used to follow pyelonephritic 
lesions (Martina et al. 2010; Vivier et al. 2013). 
Fluid-debris levels may be seen with 
pyonephrosis. 

Cortical scars are seen as focal areas of vol- 
ume loss with deformity of the renal contour 
(Fig. 36). The underlying calyx is often 
deformed. The use of the cortical phase of the 
dynamic post-contrast scan demonstrates corti- 
cal perfusion defects similar to those seen on 
CT. Mature scars are characterized by volume 
loss and contour defects of the kidney on 
T2-weighted images and perfusion defects 
on the dynamic contrast-enhanced images 
and exhibit dilatation of the adjacent calyx, 
indicating transmural parenchymal loss. Affected 
regions demonstrate no appreciable contrast 
enhancement reflecting fibrosis and microvascu- 
lar damage. When the scarring is diffuse, there is 
significant loss of renal function which is readily 
quantifiable with MR urography. In the evalua- 
tion of renal scarring, MR urography shows 
greater interobserver reliability than DMSA 


base. (b) Delayed coronal MIP image after contrast 
administration demonstrates compensatory hypertrophy 
of the left kidney. There is minimal excretion into the 
ectopic hypoplastic right kidney. The anatomic informa- 
tion provided is important in surgical planning 


scintigraphy, and some now regard it as the gold 
standard (Cerwinka et al. 2014). 


Take Away 

MR urography is superior to DMSA scan- 
ning in the evaluation of renal scarring and 
pyelonephritis and is now the most accu- 
rate way to identify acute pyelonephritis 
and to differentiate acute pyelonephritis 
from renal scarring. 


MR for VUR Assessment: 
MR VCUG 


4.4 


Several authors have explored the accuracy and 
feasibility of MR VCUG in depicting VUR 
(Hekmatnia et al. 2013; Rodriguez et al. 2001; 
Takazakura et al. 2007; Johnin et al. 2013; Arthurs 
et al. 2013). Both direct and indirect MR VCUG 
have been evaluated (Johnin et al. 2013). In direct 
MR VCUG, dilute Gd-based contrast agent is 
instilled via a urethral catheter. With the indirect 
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Coronal 
T2-weighted image shows large peripelvic cyst on the left. 
(b) Delayed coronal MIP image after contrast administra- 
tion shows accumulation of contrast medium into the cystic 
structure with displacement and deformity of the surround- 
ing calyces. (c) Sagittal T1-weighted image after contrast 


Fig. 32 Large calyceal diverticulum. (a) 


MR VCUG, diuretics are used to promote filling 
of the bladder (Hekmatnia et al. ; Johnin 
et al. ). The voiding part of the examination 
was performed with various MR fluoroscopic 
techniques. One study successfully examined 
young infants without sedation (Arthurs et al. 

). Most other studies used intravenous seda- 
tion. Failure rates were higher in toddlers usually 
related to issues with sedation or secondary to 
inability to void during the study (Johnin et al. 


administration demonstrates layering of contrast within the 
cyst, confirming its communication with the pelvicalyceal 
system. (d) Further confirmation of excreted contrast within 
the diverticulum can be obtained by turning the patient 
prone and identifying the dependent fluid level. Delayed 
images are required when evaluating calyceal diverticula 


13). The studies all demonstrate significant 
accuracy in the diagnosis of high-grade VUR as 
well as visualizing urethral abnormalities. The 
major advantage of MR is the ability to assess the 
anatomy of the kidney and identify renal scars, 
dysplasia, or malformations without ionizing 
radiation (Rodriguez et al. ). However, most 
children will need sedation, catheterization, or 
administration of diuretics. Other disadvantages 
of MR VCUG include its high cost. 
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Fig. 33 Infundibular stenosis with hydrocalyx. (a) Axial 
T2-weighted image showing a peripelvic cyst on the right. 
(b) Coronal MIP image after contrast administration dem- 
onstrates a focal area of decreased enhancement of the 
upper mid-pole of the right kidney. (c) Sagittal 


Take Away 

Although MR VCUG is feasible, the disad- 
vantages compared with traditional VCUG 
will limit its widespread application. 


4.5 MR Genitography 

Disorders of sexual development (DSD) are 
defined as conditions in which chromosomal sex 
is not consistent with phenotypic sex or in which 


Tl-weighted image shows a wedge-shaped area of the 
right kidney representing a focally delayed dense nephro- 
gram associated with the dilated calyx. (d) Volume- 
rendered image of the right kidney demonstrates the 
dilated calyx with stenosis of its infundibulum 


the phenotype is not classifiable as either male or 
female (Mansour et al. 2012) (see also Chaps. 7, 
19, 20, and 21). The male or female configuration 
of the genitalia normally evolves in fetal life and 
is determined by the genetic, gonadal, and hor- 
monal sex (Grinspon and Rey 2014; Hughes 
2002). Disorders of sex development occur when 
the male hormone (androgens and anti-Mullerian 
hormone) secretion or action is insufficient in the 
46 XY fetus or when there is androgen excess in 
the 46 XX fetus. DSD with ambiguous genitalia 
is typically diagnosed clinically in the newborn 
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Fig. 34 Unilateral megacalycosis with obstruction. (a) 
Axial T2-weighted image showing marked dilation of the 
pelvicalyceal system on the left with thinning of the renal 
parenchyma. (b) Coronal MIP image after contrast admin- 
istration demonstrates an enlarged left kidney with 


delayed and dense nephrogram. (c) Delayed coronal MIP 
image after contrast administration demonstrates the 
marked increase in number of calyces. Most cases of 
megacalycosis do not demonstrate obstruction 


Fig. 35 Acute pyelonephritis superimposed on previously 
scarred kidney. (a) Axial T2-weighted image shows mild 
swelling of the upper pole of the left kidney with blurring 
of the corticomedullary junction. The changes are subtle on 
the T2-weighted images, but there is no evidence of vol- 
ume loss. Note the small amount of perinephric fluid. (b) 
Early perfusion phase following contrast administration 
demonstrates normal cortical enhancement of the right kid- 


ney. There are multifocal areas of decreased cortical perfu- 
sion on the left. There is volume loss associated with the 
lower pole indicating prior scarring. (c) Axial trace image 
from the diffusion-weighted sequence shows increased sig- 
nal involving the mid-pole of the left kidney. (d) ADC map 
confirms the focal area of acute restricted diffusion indicat- 
ing acute pyelonephritis. Diffusion-weighted imaging is a 
very sensitive method for detecting acute pyelonephritis 
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Fig.36 Multifocal renal scarring. (a) Axial T2-weighted 
image showing irregular calyceal dilatation on the right. 
There is flattening of the posterior aspect of the right kid- 
ney with decreased signal intensity indicating scarring 
and fibrosis. (b) Coronal perfusion image after contrast 
administration demonstrates multifocal areas of scarring 
involving the upper pole of the left kidney. Identifying 


period, whereas those associated with male and 
female phenotypes may not present until adoles- 
cence. Patients with pure gonadal dysgenesis or 
complete androgen insensitivity usually are phe- 
notypic females who present at puberty with pri- 
mary amenorrhea. 

Diagnosis and classification of these disorders 
are complex, and the role of imaging in infants is 
to identify a uterus and/or cervix, to locate the 
gonads, and to define the anatomy of cloacal mal- 
formations, Mullerian duct anomalies, urinary 
tract anomalies as well as anorectal and spine 
malformations (Riccabonaet al. 2015). Ultrasound 
has been the primary modality to identify the 
internal organs, and occasionally fluoroscopic 
genitography and VCUG are used to assess the 
vagina, urethra, and any fistulas or complex tracts. 
MR genitography is being used more often in the 
evaluation of these anomalies especially in defin- 
ing the anatomy of the urogenital tract and ano- 
rectal malformations and to identify otherwise 
occult gonads (Baughman et al. 2007; Jarboe 
et al. 2012; Podberesky et al. 2013a; Ehammer 
et al. 2011). MR genitography is similar to tradi- 
tional fluoroscopic genitography in that contrast 
material is used to demonstrate the anatomy of the 
various cavities. However, the complex communi- 


J.D. Grattan-Smith and R.A. Jones 


volume loss is key in differentiating renal scarring from 
acute pyelonephritis. (c) Delayed coronal MIP image after 
contrast administration demonstrates irregularity and dila- 
tation of the calyces on the right indicating transmural 
volume loss. The right ureter is dilated, and the child had 
a history of grade IV vesicoureteric reflux on the right 


cations are better defined using both T1- and 
T2-weighted 3D imaging sequences. Although 
various contrast agents have been used including 
mineral oil and ultrasound gel, we prefer to use 
diluted (1:1000) gadolinium-based contrast agent. 

When performing a genitogram, it is important 
to ensure that all perineal orifices are examined 
(Shopfner 1964). It is also important to preserve 
the morphological appearance by only inserting 
the catheters a short distance (Wright et al. 1995). 
The goal is to define a male or female urethral 
configuration and identify any fistulous commu- 
nication with the vagina or rectum. Demonstration 
of the level at which the vagina opens into a uro- 
genital sinus and its relationship to the exter- 
nal sphincter are important in surgical planning 
(Figures 37 and 38). The vagina is evaluated to 
determine its presence or absence, its relationship 
to the urethra and to identify the uterus. The pres- 
ence of hydrocolpos associated with ambiguous 
genitalia and two perineal orifices confirms the 
presence of a urogenital sinus. In the presence 
of a large hydrocolpos, the bladder may be dis- 
placed anteriorly, making it difficult to see, so 
care is needed to make sure a fluid-filled vagina is 
not confused with the urinary bladder. The uterus 
often is identified capping the vagina, and the dis- 
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tended vagina often contains a fluid-debris level. 
In cloacal malformations, the genital, urinary, and 
gastrointestinal tracts open into a single common 
channel classically located at the expected site of 
the urethra (Jaramillo et al. 1990; Winkler 2012). 
It is almost exclusively seen in girls. Cloacal mal- 
formations are divided into two groups depending 
on the length of the common channel. A common 
channel less than 3 cm is more easily repaired and 
has a lower incidence of associated anomalies. 
Mullerian duct anomalies are a broad and 
complex spectrum of anomalies that often pres- 
ent with primary amenorrhea in adolescents. MR 
is the imaging method of choice in defining these 
anomalies (Junqueira et al. 2009; Marcal et al. 
2011; Behr et al. 2012; Yoo et al. 2013; Hall- 
Craggs et al. 2013a). The uterus, fallopian tubes, 
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cervix, and upper two thirds of the vagina are 
derived from the Mullerian ducts. The ovaries are 
embryologically separate and not typically 
involved in Mullerian duct anomalies. In patients 
with Mullerian duct anomalies, renal and ureteric 
anomalies are common (Hall-Craggs et al. 
2013a). In addition to the well-known association 
with renal agenesis which is found in up to 30%, 
there is also a high incidence of ectopic, malro- 
tated, or dysplastic kidneys (see also Chap. 19). 
Additionally, 25 % of patients with renal agenesis 
have distal ureteric remnants or ectopic ureteric 
insertion. These ureteric remnants may become 
distended by menstrual blood leading to abdomi- 
nal pain and infection or present with urinary 
incontinence and recurrent UTI. All patients with 
Mullerian duct anomalies need assessment of the 


Fig. 37 MR genitogram demonstrating a urogenital 
sinus. (a) Sagittal T2-weighted image shows fluid in both 
the urinary bladder and the vagina. The urethral catheter 
passes into the vagina demonstrating the level at which the 


urethra and vagina communicate. (b) T1 sagittal GRE 
image with contrast administered via the catheter again 
outlines the communication between the vagina and ure- 
thra which is important for surgical planning 


Fig. 38 Mayer-Rokitansky-Kuster-Hauser syndrome. 
(a) Sagittal T1-weighted image with a urethral catheter 
in place demonstrates the close proximity of the rectum 
and urethra. The vagina is absent. (b) Axial T2 with fat 


suppression again shows the close proximity of the ure- 
thral catheter and rectum. (c) Coronal T2-weighted 
image shows an ectopic left ovary within the left ingui- 
nal canal 
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urinary tract to identify renal agenesis, ectopic 
ureters, or ureteric stumps — as well as vice versa. 

Mayer-Rokitansky-Kuster-Hauser syndrome 
is a heterogeneous disorder characterized by 
ureterovaginal atresia in 46 XX girls (Fig. 38) 
(see also Chap. 21). Abnormalities of the geni- 
tal tract may range from upper vaginal atresia to 
total Mullerian agenesis with associated urinary 
tract anomalies. The external genitalia are normal 
(Kara et al. ; Yoo et al. ; Hall-Craggs 
et al. ; Preibsch et al. ). Rudimentary 
uteri are seen in up to 93% of patients (Hall- 
Craggs et al. ). Cyclical abdominal pain 
due to endometrial tissue or even hematometra in 
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the rudimentary uterus may be a cause of clinical 
confusion. The ovaries are ectopic in 40 % of cases 
and are readily identified on preoperative MR 
imaging (Hall-Craggs et al. ; Preibsch et al. 

). Herlyn-Werner-Wunderlich syndrome is 
characterized by uterus didelphia and unilateral 
hematocolpos related to an obstructed hemiva- 
gina with unilateral renal agenesis or sometimes 
a dysfunctional renal bud, a MCDK, or an ecto- 
pic cystic dysplastic kidney (Yavus et al. 2015). 
They are often diagnosed early in infancy but 
may present in adolescence with hematocolpos, 
hematometra, or hematosalpinx (Fig. 39). The 
diagnostic dilemma in these patients is that most 


Fig. 39 Herlyn-Werner-Wunderlich 


syndrome. (a) 
Sagittal Tl-weighted image showing a markedly dilated 
hemivagina with T1 shortening due to presence of blood 
products. (b) Coronal Tl-weighted image show uterus 
didelphia with right-sided hematometra. (c) Oblique 


T2-weighted image demonstrates the communication of 
the right hematometra with the unilateral hematocolpos 
due to an obstructed hemivagina. (d) Coronal T2-weighted 
image shows congenital absence of the right kidney 
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have regular menstruation because one uterus 
is not obstructed. Therefore early sonographic 
search for the syndrome is indicated in newborn 
girls with MCDK or renal agenesis before the 
physiologically stimulated genital tract involutes. 


Take Away 

The diagnosis and classification of disor- 
ders of sexual differentiation are complex. 
The role of imaging in infants is to iden- 
tify a uterus and/or cervix, to locate the 
gonads, and to define the anatomy of cloacal 
malformations, Mullerian duct anomalies, 
urinary tract anomalies as well as anorectal 
and spine malformations. Mullerian duct 
anomalies often present with primary amen- 
orrhea in adolescents. MR is the imaging 
method of choice in defining these anomalies. 


4.6 MR Imaging of Renal Tumors 

Malignant renal tumors represent 6% of child- 
hood cancer with 90% being Wilms’ tumors 
(Swinson and McHugh 2011). MR is being used 
to evaluate pediatric renal tumors more often 
because the superior contrast resolution and 
advanced imaging techniques such as DWI and 
perfusion imaging add crucial information and 
avoid exposure to ionizing radiation. In one study 
over half the patients imaged with CT or MR, 
additional information in the local staging of 
Wilms’ tumor was gained (McDonald et al. 
2013). When evaluating renal masses, we use a 
slight variation of our standard MR imaging pro- 
tocol. To minimize susceptibility artifacts from 
concentrated gadolinium in the collecting sys- 
tem, the patient is hydrated in the usual manner, 
but furosemide is not administered. A bladder 
catheter is not needed. The protocol is shorter 
with dynamic imaging used for the first 5 min to 
assess both the patency of the renal vein and 
characterize perfusion of the tumor mass and its 
microvascular environment (Smith 2013). 
Dynamic MR images can be used as a quantita- 
tive technique to assess tissue vascularity and 


77 


membrane permeability (Fig. 40). The 
gadolinium-based contrast agents diffuse quickly 
into the extracellular space and then wash out 
slowly. Malignant tumors have disorganized vas- 
culature that results in slow leakage of contrast 
agents into the extravascular space. The amount 
of leakage is determined by tissue perfusion, 
vessel wall permeability, and the rate of diffu- 
sion. This results in a gradual accumulation of 
contrast agent in the tumor. 

The aim at initial imaging workup is to iden- 
tify local extension, metastases, and involvement 
of the contralateral kidney (Brisse et al. 2008). 
MR can be used to characterize and delineate the 
primary tumor, as well as identify adenopathy, 
liver metastases, tumor thrombus, and signs of 
rupture. Wilms’ tumor is the most common renal 
tumor in childhood, but others include nephro- 
genic rests and nephroblastomatosis, renal cell 
carcinoma, clear cell sarcoma, rhabdoid tumor, 
ossifying renal tumor of infancy, congenital 
mesoblastic nephroma, multilocular cystic renal 
tumor, and medullary cell carcinoma, angiomyo- 
lipoma, leukemia and lymphoma, and 
nephrogenic adenofibroma. MR is used for diag- 
nosis and staging. but imaging cannot reliably 
distinguish between the renal masses. 

The management of Wilms’ tumors varies in 
Europe and North America. In Europe initial 
chemotherapy is followed by surgery. A biopsy is 
recommended if there are unusual imaging or 
clinical features. In North America, surgery is 
advocated before chemotherapy except when 
there are bilateral tumors, tumors in a solitary or 
horseshoe kidney, extension of tumor thrombus 
above the intrahepatic vena cava, or extensive 
metastatic disease (Kembhavi et al. 2013). 

MR imaging can help distinguish Wilms’ 
tumor from nephrogenic rests and nephrobla- 
stomatosis (Fig. 41). Wilms’ tumor is typically 
heterogeneous because it contains a mixture 
of blood, tissue necrosis, fat, and cysts. The 
tumor enhances inhomogeneously (Smith 
2013; Geller and Kochan 2011). Nephrogenic 
rests and nephroblastomatosis have decreased 
signal intensity on all sequences when com- 
pared to renal cortex. Nephrogenic rests are 
homogeneous, may be sclerotic, and often 
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Fig. 40 Multicentric Wilms’ tumor. (a) Axial 
T2-weighted image at the level of the renal pelvis showing 
a heterogeneous solid and cystic mass in the left kidney 
with invasion of the collecting systems. Perinephric fluid 
suggests rupture. (b) Coronal T2-weighted image show- 
ing second mass with well-defined capsule in the upper 
pole. Tumor related to the mid-pole mass is seen invading 
the renal pelvis and calyces with resultant UTD. (c) 
Delayed post-contrast Tl-weighted image shows some 
parenchymal enhancement of the residual left-sided 


have a lenticular shape (Lonergan et al. 
1998). A nephrogenic rest that grows and 
becomes rounder or more heterogeneous 
is suspicious for malignant degeneration. 
Nephroblastomatosis can be suspected on the 
basis of their typical distribution (perilobar, 
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parenchyma without excretion. Relative decreased 
enhancement is seen in the upper pole mass. (d) Dynamic 
contrast-enhanced imaging can characterize enhancement 
patterns of the different regions. The right kidney curve is 
normal. The left kidney curve is flat, indicating that it is 
perfused but does not concentrate nor excrete. The two 
Wilms’ tumors are poorly perfused but gradually accumu- 
late contrast secondary to the disorganized vasculature of 
malignant tumors that results in slow leakage of contrast 
agents into the extravascular space 


intralobar, or diffuse]. Nephroblastomatosis 
that is dark on T2-weighted images is usually 
sclerotic or regressing, whereas hyperplastic 
nephroblastomatosis can enlarge and is usually 
bright on T2-weighted images. The key feature 
of nephroblastomatosis at MR imaging is its 
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Fig. 41 Nephroblastomatosis. (a) Axial T2-weighted 
image showing multiple masses of varying size in both 
kidneys. Little normal renal parenchyma can be identi- 
fied. The masses are homogeneous in signal characteris- 
tics and hypointense relative to normal parenchyma. (b) 
Trace DWI image demonstrating that the masses are 
homogeneous and distinct from normal renal paren- 
chyma. (c) ADC map confirms that the masses restrict 
diffusion homogenously. (d) Delayed contrast-enhanced 


homogeneity on all pulse sequences includ- 
ing diffusion imaging. Perfusion imaging also 
shows characteristic features with the contrast 
agent diffusing quickly into the extracellular 
space and then washing out slowly. This pattern 
reflects the intact vascular membrane which is 
disrupted in malignancies. 
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T1-weighted image shows that both kidneys function, but 
there is marked calyceal deformity caused by the multifo- 
cal masses. (e) The signal intensity versus time curves 
shows normal characteristics for both kidneys. The areas 
of nephroblastomatosis show decreased perfusion com- 
pared with normal renal parenchyma. However, there is 
normal washout from the nephroblastomatosis because 
the vasculature is intact helping to differentiate nephro- 
blastomatosis from Wilms’ tumor 


Take Away 

MR is used for diagnosis and staging of 
renal tumors, but imaging cannot reliably 
distinguish between the renal masses. 
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4.7 MR Imaging in Renal Trauma 
Blunt abdominal trauma is the main cause of renal 
trauma in children (Santucci et al. 2004; Buckley 
and McAninch 2006). Most renal trauma is minor 
and is managed conservatively with successful 
outcomes in greater than 98% (Buckley and 
McAninch 2004). Even high-grade lesions can be 
managed conservatively. The rate of healing and 
amount of scarring correlate with the initial grade 
of renal injury. Contusions and small lacerations 
heal quickly, whereas grade IV and V injuries 
result in variable amounts of renal loss (Abdalati 
et al. 1994). In children with grade IV or V inju- 
ries (shattered kidney or major vascular injury), 
renal salvage is possible in 78% (Eassa et al. 
2010). However, complications are greater with 
higher-grade injuries with some patients show- 
ing significant loss of renal function (Keller et al. 
2004; Eassa et al. 2010). Long-term complica- 
tions include loss of renal function, renal scarring, 
and hypertension, with rare vascular complica- 
tions such as pseudoaneurysms and arteriovenous 
fistula (Buckley et al. 2006; Eassa et al. 2010). 

Imaging acutely after injury is typically 
with ultrasound or CT (Riccabona et al. 2011; 
Amerstorfer et al. 2015). MR urography has no 
role in the acute evaluation but is reserved for 
cases requiring problem-solving and to assess 
long-term outcomes. The purpose of repeat imag- 
ing is to identify patients with worsening urinary 
extravasation, ongoing significant hemorrhage, 
and rarer complications such as pseudoaneurysms 
(Santucci et al. 2004). Repeat imaging with con- 
trast medium is recommended 36-48 h after ini- 
tial scanning for grade IV and V injury to identify 
injuries to the collecting system and assess trau- 
matic urinomas (Buckley and McAninch 2004). 
Imaging is also recommended when the patient 
has unexplained fever, flank pain, flank mass, or 
bleeding. Repeat CT scanning has been tradition- 
ally used in these circumstances, but MR urog- 
raphy is being used more often in the subacute 
phase. MR urography is excellent at depicting 
the severity of the renal injury, as well as peri- 
nephric hematoma. Because MR urography pro- 
vides multiple phases, the perfusion as well as the 
excretion can be assessed (Fig. 42). 
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The specific MR imaging findings of hem- 
orrhage depend on the age of the hemorrhage. 
The signal intensity changes over time due to 
degradation of the hematoma and subsequent 
changes in the magnetic properties of the hemo- 
globin molecule (Hammond et al. 2015). In the 
acute phase (less than 2 days), there is break- 
down of hemoglobin to intracellular deoxyhe- 
moglobin which produces hypointense signal on 
both T1- and T2-weighted images. In the early 
subacute phase (2-7 days), the paramagnetic 
effects of intracellular methemoglobin result 
in hyperintense T1 signal and hypointense T2 
signal. In the late subacute phase (7-14 days), 
further breakdown results in extracellular met- 
hemoglobin causing hyperintensity on both T1- 
and T2-weighted images. A chronic hematoma 
demonstrates peripheral low T1 and T2 signal 
due to intracellular hemosiderin with central T2 
hyperintensity and T1 isointensity (Hammond 
et al. 2015). 

Long-term decrease in renal function is 
directly correlated with the grade of injury and 
independent of the mechanism of injury (Tasian 
et al. 2010). All grade IV or V renal injuries 
should have follow-up imaging at 1—3 months to 
document adequate healing and function (Keller 
et al. 2004; Buckley and McAninch 2004). 
Follow-up with MR urography can be used in 
place of repeat CT or DMSA scanning to demon- 
strate resolution of the renal and perinephric 
injury and to quantify the parenchymal scarring 
as well as assessment of differential renal func- 
tion (Fig. 42). MR urography has been shown to 
be equivalent to DMSA scanning in the identifi- 
cation and quantification of renal scarring but has 
the additional advantage of dynamic assessment 
of the renal perfusion and the vascularity 
(Cerwinka et al. 2014). 


Take Away 

MR urography has no role in the acute 
evaluation of renal trauma but is reserved 
for cases requiring problem-solving and to 
assess long-term outcomes. 
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Fig. 42 Renal trauma. (a) Coronal T2-weighed image 
obtained 48 h after severe renal injury shows a fracture of 
the left kidney with acute blood products in the defect. 
Perinephric fluid has contrasting signal characteristics. (b) 
Delayed coronal contrast-enhanced Tl-weighted MIP 
image showing absent perfusion of the left upper pole 
with apparent contrast extravasation above the visualized 
calyces. The left kidney represented 30% of total renal 


4.8 MR Imaging in Renal 


Transplantation 


Kidney transplantation is the treatment of choice 
for children and adolescents with end-stage renal 
disease (Peruzzi ; Patel ; Van Arendonk 
et al. 2014) (see also Chap. 34). Kidney transplant 
dysfunction is often nonspecific presenting with 
rising serum creatinine, with decreasing urine 
output, or with pain and tenderness over the graft 
(Sharfuddin ). Vascular complications are a 


function. (c) Sagittal delayed contrast-enhanced 
T1-weighted image through the lateral aspect of the left 
kidney demonstrates the contrast extravasation extending 
above the residual functioning kidney. The upper pole is 
not perfused. (d) Follow-up scan 3 months after conserva- 
tive treatment shows that the contrast extravasation has 
resolved. Only the residual left lower pole functions con- 
tributing 30 % of total renal function 


common cause for morbidity and mortality and 
include transplant renal artery stenosis (TRAS), 
AV fistulas, pseudoaneurysms as well as arterial 
or venous thrombosis. Nonvascular complications 
include urologic complications such as ureteral 
obstruction and urinary leak, pyelonephritis, and 
perigraft fluid collections including hematoma, 
abscess, urinoma, and lymphocele. Intrinsic con- 
ditions leading to renal parenchymal injury, such 
as acute rejection, acute tubular necrosis (ATN), 
and drug toxicity, are more difficult to diagnose 
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because the clinical symptoms, laboratory data, 
and image findings of these diseases often over- 
lap. Therapeutic strategies are radically different 
depending on the etiology of the graft dysfunc- 
tion. Percutaneous renal transplant biopsy is 
used to distinguish between causes of acute graft 
dysfunction but can be complicated by bleeding, 
infection, and, rarely, graft loss. 

A noninvasive and accurate assessment of 
transplant renal function is critical to guide post- 
operative management. Ultrasound is the primary 
imaging modality used to identify complications 
associated with renal transplantation but provides 
no assessment of renal function (Sharfuddin 
2011; Nixon et al. 2013; Riccabona et al. 2012; 
Sharfuddin 2014). MR urography demonstrates 
structural abnormalities including urinary tract 
obstruction and urologic complications as well as 
functional data related to GFR and renal blood 
flow (Sharfuddin 2014; Wang 2015). Dynamic 
CE-MR imaging provides information about 
renal perfusion, function, and ureteric drainage. 
The combination of T2-weighted images with 
contrast-enhanced images allows characteriza- 
tion of perinephric fluid collections as well as 
differentiating global from segmental disease. 
MR angiography defines the vascular anatomy of 
the renal transplant identifying vascular compli- 
cations. Advanced MR urography techniques can 
define new parameters (Eisenberger et al. 2009; 
Thoeny and De Keyzer 2011; Liu et al. 2014). 
DWI imaging provides information about renal 
perfusion and diffusion simultaneously. BOLD 
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imaging evaluates intrarenal oxygen bioavail- 
ability by measuring the concentration of deoxy- 
hemoglobin. These advanced imaging techniques 
explore different tissue properties and provide 
complimentary information that can be used to 
monitor graft function during therapy and show 
promise in the evaluation of intrinsic causes of 
graft dysfunction. 

Multicompartment kinetic modeling analyzes 
dynamic contrast-enhanced images and distin- 
guishes parameters derived from the vascular 
and tubular compartments of the kidney (Martin 
et al. 2008; Bokacheva et al. 2009; Sourbron 
2010; Yamamoto et al. 2011). These techniques 
use the tracer transit through the kidneys to quan- 
tify physiologic parameters such as GFR and 
calculate the mean transit time. The GFR and 
the mean transit time are significantly lower in 
patients with acute renal dysfunction when com- 
pared to normally functioning transplants, and 
these parameters may be able to discriminate 
between acute rejection and acute tubular necro- 
sis (Yamamoto et al. 2011). Diffusion-weighted 
imaging is able to detect pyelonephritis (Fig. 43). 

Transplant renal artery stenosis (TRAS) usu- 
ally presents in the first 3 months to 2 years 
after transplantation (Bruno 2004). Catheter 
angiography is considered the gold standard for 
the diagnosis of TRAS, but because of associ- 
ated complications, it is used only when there 
is high suspicion for significant TRAS dem- 
onstrated on nonvascular imaging (Gaddikeri 
et al. 2014). CE-MR angiography is similar to 


Fig. 43 Pyelonephritis in transplanted kidney. (a, b) 
Trace diffusion-weighted image and ADC map of failing 
transplanted kidney demonstrates multifocal areas of 


restricted diffusion typical for pyelonephritis. Non- 
contrast MR imaging can identify complications associ- 
ated with renal transplantation 
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CT angiography for the assessment of hemo- 
dynamically significant TRAS (Gaddikeri et al. 
2014). CE-MRA can accurately depict arterial 
anatomy, detect and grade renal artery stenosis, 
and identify renal vein thrombosis as well as 
pseudoaneurysms. CE-MR angiography is pre- 
ferred to CTA due to the lack of ionizing radia- 
tion and nephrotoxic iodinated contrast agent. 
However, susceptibility artifacts owing to surgi- 
cal clips at the anastomosis may limit diagnostic 
ability of MRA. 


Take Away 

MR urography shows promise as a nonin- 
vasive and comprehensive method to asses 
transplant renal function as well as associ- 
ated complications that are critical to guide 
postoperative management. 


Conclusion 

MR urography is a comprehensive evaluation 
of the urinary tract in children, providing an 
unprecedented level of anatomic information 
combined with quantitative functional evalua- 
tion of each kidney individually. MR urogra- 
phy provides clinically useful assessment of 
obstructive uropathy and provides predictive 
information about which children will benefit 
from surgery. MR urography will improve our 
ability to categorize renal malformations 
in vivo and contribute significantly to our 
understanding of renal dysplasia. With the 
addition of DWI, MR urography is the imag- 
ing modality of choice in the evaluation of 
pyelonephritis and renal scarring. There is an 
ever-increasing role for MR urography in the 
evaluation of urinary tract disorders including 
renal tumors, disorders of sexual differentia- 
tion, renal trauma, and renal transplantation. 


References 


Aaronson IA (1980) Compensated obstruction of the renal 
pelvis. Br J Urol 52:79-83 


83 


Abdalati H, Bulas DI, Sivit CJ et al (1994) Blunt renal 
trauma in children: healing of renal injuries and rec- 
ommendations for imaging follow-up. Pediatr Radiol 
24:573-576 

Abou-El-Ghar ME, El-Diasty TA, El-Assmy AM et al 
(2012) Role of diffusion-weighted MRI in diagno- 
sis of acute renal allograft dysfunction: a prospec- 
tive preliminary study. Br J Radiol 85:e206-e211. 
doi: 10.1259/bjr/53260155 

Acharya SK, Jindal B, Yadav DK et al (2009) Retrocaval 
ureter: a rare cause of hydronephrosis in chil- 
dren. J Pediatr Surg 44:846-848. doi:10.1016/). 
jpedsurg.2008.11.053 

Adeb M, Darge K, Dillman JR et al (2013) Magnetic 
resonance urography in evaluation of duplicated renal 
collecting systems. Magn Reson Imaging Clin NA 
21:717-730. doi:10.1016/j.mric.2013.04.002 

Albert TSE, Akahane M, Parienty I et al (2015) An 
international multicenter comparison of time-SLIP 
unenhanced MR angiography and contrast-enhanced 
CT angiography for assessing renal artery stenosis: 
the renal artery contrast-free trial. Am J Roentgenol 
204:182-188. doi:10.2214/AJR.13.12022 

Altun E, Martin DR, Wertman R et al (2009) Nephrogenic 
systemic fibrosis: change in incidence following a 
switch in gadolinium agents and adoption of a gado- 
lintum policy—report from Two U.S. Universities 
1. Radiology 253:689-696. doi:10.1148/radiol. 
2533090649 

Amarante J, Anderson PJ, Gordon I (2003) Impaired 
drainage on diuretic renography using half-time or 
pelvic excretion efficiency is not a sign of obstruc- 
tion in children with a prenatal diagnosis of unilat- 
eral renal pelvic dilatation. J Urol 169:1828-1831. 
doi:10.1097/01 .ju.0000062640.46274.21 

Amerstorfer EE, Haberlik A, Riccabona M (2015) 
Imaging assessment of renal injuries in children and 
adolescents: CT or ultrasound? J Pediatr Surg 50:448— 
455. doi:10.1016/j.jpedsurg.2014.07.006 

Anigstein R, Elkin M, Roland P, Schulz RJ (1972) The 
obstructive nephrogram--microradiographic studies. 
Invest Radiol 7:24-32 

Annet L, Hermoye L, Peeters F et al (2004) Glomerular 
filtration rate: assessment with dynamic contrast- 
enhanced MRI and a cortical-compartment model in 
the rabbit kidney. J Magn Reson Imaging 20:843-849. 
doi:10.1002/jmri.20173 

Arena S, Magno C, Montalto AS et al (2012) Long-term 
follow-up of neonatally diagnosed primary mega- 
ureter: rate and predictors of spontaneous resolution. 
Scand J Urol Nephrol 46:201—207. doi:10.3109/0036 
5599.2012.662695 

Arlen AM, Kirsch AJ, Cuda SP et al (2014) Magnetic 
resonance urography for diagnosis of pediatric ure- 
teral stricture. J Pediatr Urol 10:1-7. doi:10.1016/). 
jpurol.2014.01.004 

Arthurs OJ, Edwards AD, Joubert I et al (2013) Interactive 
magnetic resonance imaging for paediatric vesico- 
ureteric reflux (VUR). Eur J Radiol 82:e112-e119. 
doi:10.1016/j.ejrad.2012.10.024 


84 


Artunc F, Yildiz S, Rossi C et al (2010) Simultaneous 
evaluation of renal morphology and function in live 
kidney donors using dynamic magnetic resonance 
imaging. Nephrol Dial Transplant 25:1986-1991. 
doi:10.1093/ndt/gfp772 

Avni FE, Nicaise N, Hall M et al (2001) The role of MR 
imaging for the assessment of complicated duplex 
kidneys in children: preliminary report. Pediatr Radiol 
31:215-223 

Bakker J, Olree M, Kaatee R et al (1999) Renal volume 
measurements: accuracy and repeatability of US com- 
pared with that of MR imaging. Radiology 211:623- 
628. doi:10.1148/radiology.211.3.r99jn 19623 

Barker AP, Soundappan SVS (2004) Retrocaval ureter in 
children: a report of two cases. Ped Surg Int 20:158- 
160. doi: 10.1007/s00383-003-1038-x 

Baughman SM, Richardson RR, Podberesky DJ 
et al (2007) 3-Dimensional magnetic resonance 
genitography: a different look at cloacal malfor- 
mations. J Urol 178:1675-1678. doi:10.1016/j. 
juro.2007.03.196; discussion 1678-1679 

Becker A, Baum M (2006) Obstructive uropathy. 
Early Hum Dev 82:15-22. — doi:10.1016/j. 
earlhumdev.2005.11.002 

Behr SC, Courtier JL, Qayyum A (2012) Imaging of 
Miillerian duct anomalies. RadioGraphics 32:E233-— 
E250. doi:10.1148/rg.326125515 

Berrocal T, López-Pereira P, Arjonilla A, Gutiérrez 
J (2002) Anomalies of the distal ureter, bladder, and 
urethra in children: embryologic, radiologic, and 
pathologic features. RadioGraphics 22:1139-1164 

Bhat GS, Maregowda S, Jayaram S, Siddappa S (2012) 
Health outcomes research. Urology 79:321-325. 
doi:10.1016/j.urology.2011.10.018 

Blake J, Rosenblum ND (2014) Renal branching morpho- 
genesis: morphogenetic and signaling mechanisms. 
Semin Cell Develop Biol 36:2-12. doi:10.1016%. 
semcdb.2014.07.011 

Bohnenpoll T, Kispert A (2014) Ureter growth and dif- 
ferentiation. Semin Cell Develop Biol 36:21-30. 
doi:10.1016/j.semcdb.2014.07.014 

Bokacheva L, Rusinek H, Zhang JL, Lee VS (2008) 
Assessment of renal function with dynamic contrast- 
enhanced MR imaging. Magn Reson Imaging Clin N 
Am 16:597-611. doi:10.1016/j.mric.2008.07.001 

Bokacheva L, Rusinek H, Zhang JL et al (2009) Estimates 
of glomerular filtration rate from MR renography and 
tracer kinetic models. J Magn Reson Imaging 29:371- 
382. doi:10.1002/jmri.21642 

Bonsib SM (2010) The classification of renal cystic 
diseases and other congenital malformations of the 
kidney and urinary tract. Arch Pathol Lab Med 134: 
554-568 

Boss A, Martirosian P, Fuchs J et al (2014) Dynamic 
MR urography in children with uropathic disease 
with a combined 2D and 3D acquisition protocol— 
comparison with MAG3 scintigraphy. Br J Radiol 
87:20140426. doi:10.1259/bjr.20140426 

Brenes LG, Forlano H, Koutouratsas N, Stauffer HM 
(1966) Mechanism of the nephrographic effect 


J.D. Grattan-Smith and R.A. Jones 


during urinary stasis. Acta Radiol Diagn (Stockh) 
4:14-20 

Brisse HJ, Smets AM, Kaste SC, Owens CM (2008) 
Imaging in unilateral Wilms tumour. Pediatr Radiol 
38:18-29. doi: 10.1007/s00247-007-0677-9 

Brown SC, Upsdell SM, O’Reilly PH (1992) The impor- 
tance of renal function in the interpretation of diuresis 
renography. Br J Urol 69:121-125 

Bruno S (2004) Transplant renal artery stenosis. J 
Am Soc Nephrol 15:134-141. doi:10.1097/01. 
ASN.0000099379.61001.F8 

Buckley JC, McAninch JW (2004) Pediatric renal 


injuries: management guidelines from a 25-year 
experience. JURO  172:687-690.  doi:10.1097/01. 
ju.0000129316.42953.76 


Buckley JC, McAninch JW (2006) The diagnosis, man- 
agement, and outcomes of pediatric renal injuries. 
Urol Clin NA 33:33-vi. doi:10.1016/j.ucl.2005.11.001 

Buckley DL, Shurrab AE, Cheung CM et al (2006) 
Measurement of single kidney function using dynamic 
contrast-enhanced MRI: comparison of two models 
in human subjects. J Magn Reson Imaging 24:1117— 
1123. doi:10.1002/jmri.20699 

Cain JEJ, Di Giovanni VV, Smeeton JJ, Rosenblum 
NDN (2010) Genetics of renal hypoplasia: 
insights into the mechanisms controlling nephron 
endowment. Pediatr Res 68:91-98. doi:10.1203/ 
PDR.0b013e3181e35a88 

Castagnetti M, Novara G, Beniamin F et al (2008) 
Scintigraphic renal function after unilateral pyelo- 
plasty in children: a systematic review. BJU Int 
102:862-868. doi:10.1111/j.1464-410X.2008.07597.x 

Cerwinka WH, Grattan-Smith JD, Jones RA et al (2014) 
Comparison of magnetic resonance urography to 
dimercaptosuccinic acid scan for the identification of 
renal parenchyma defects in children with vesicoure- 
teral reflux. J Pediatr Urol 10:344—351. doi:10.1016%. 
jpurol.2013.09.016 

Chertin B, Pollack A, Koulikov D et al (2006) Conservative 
treatment of ureteropelvic junction obstruction in 
children with antenatal diagnosis of hydronephrosis: 
lessons learned after 16 years of follow-up. Eur Urol 
49:734—739. doi:10.1016/j.eururo.2006.01.046 

Chevalier RL (2007) Chronic partial ureteral obstruction 
and the developing kidney. Pediatr Radiol 38:35—40. 
doi:10.1007/s00247-007-0585-z 

Chevalier RL (2009) When is one kidney not enough? 
Kidney Int 76:475—477. doi:10.1038/ki.2009.244 

Chevalier RL, Thornhill BA, Forbes MS, Kiley SC (2010) 
Mechanisms of renal injury and progression of renal 
disease in congenital obstructive nephropathy. Pediatr 
Nephrol 25:687—697. doi: 10.1007/s00467-009-1316-5 

Chuck NC, Steidle G, Blume I et al (2013) Diffusion 
tensor imaging of the kidneys: influence of b-value 
and number of encoding directions on image qual- 
ity and diffusion tensor parameters. Clin Imaging Sci 
2013(3):53 

Chung CHS, Chin ACW, Szeto PS et al. (2008). Magnetic 
resonance imaging for ureteral fibroepithelial polyp. 
Hong King Med J 2008;14:408-10 


MR of the Urogenital Tract in Children 


Claudon M, Durand E, Grenier N et al (2014) Chronic 
urinary obstruction: evaluation of dynamic contrast- 
enhanced MR urography for measurement of split 
renal function. Radiology 273:801-812. doi:10.1148/ 
radiol.14131819 

Csaicsich D, Greenbaum LA, Aufricht C (2004) 
Upper urinary tract: when is obstruction obstruc- 
tion? Curr Opin Urol 14:213-217. doi:10.1097/01. 
mou.0000135075.19968.d9 

Dally EA, Raman A, Webb NR, Farnsworth RH (2011) 
Unilateral multicystic dysplastic kidney with progres- 
sive infundibular stenosis in the contralateral kidney: 
experience at | center and review of literature. JURO 
186:1053-1058. doi:10.1016/j.juro.2011.05.001 

Darge K, Grattan-Smith JD, Riccabona M (2010) Pediatric 
uroradiology: state of the art. Pediatr Radiol 41:82-91. 
doi:10.1007/s00247-010- 1644-4 

Davies P (1988) Obstructive uropathy. BMJ 297:68-68 

Davies P, Price H (1980) The urographic signs of acute on 
chronic obstruction of the kidney. Clin Radiol 31:205- 
213. doi: 10.1016/S0009-9260(80)80163-2 

Dawson P (1990) Intravenous urography revisited. Br 
J Urol 66:561-567 

De Pascale A, Piccoli GB, Priola SM et al (2013) 
Diffusion-weighted magnetic resonance imag- 
ing: new perspectives in the diagnostic pathway of 
non-complicated acute pyelonephritis. Eur Radiol 
23:3077-3086. doi:10.1007/s00330-013-2906-y 

Duong HP, Piepsz A, Collier F et al (2013) Pediatric 
urology predicting the clinical outcome of ante- 
natally detected unilateral pelviureteric junc- 
tion stenosis. URL 82:691-696. doi:10.1016/j. 
urology.2013.03.041 

Durand E (2014) Comparison of magnetic resonance 
imaging with radionuclide methods of evaluating the 
kidney. Semin Nucl Med 44:82-92. doi:10.1053/j. 
semnuclmed.2013.10.003 

Dyer RB, Munitz HA, Bechtold R, Choplin RH (1986) The 
abnormal nephrogram. RadioGraphics 6:1039—1063 

Eassa W, El-Ghar MA, Jednak R, El-Sherbiny M (2010) 
Nonoperative management of grade 5 renal injury in 
children: does it have a place? Eur Urol 57:154—-163. 
doi:10.1016/j.eururo.2009.02.001 

Ehammer T, Riccabona M, Maier E (2011) High reso- 
lution MR for evaluation of lower urogenital tract 
malformations in infants and children: feasibility and 
preliminary experiences. Eur J Radiol 78:388-393. 
doi:10.1016/j.ejrad.2010.01.006 

Eisenberger U, Thoeny HC, Binser T et al (2009) Evaluation 
of renal allograft function early after transplantation 
with diffusion-weighted MR imaging. Eur Radiol 
20:1374—1383. doi: 10.1007/s00330-009- 1679-9 

Elder JS, Stansbrey R, Dahms BB, Selzman AA (1995) 
Renal histological changes secondary to ureteropelvic 
junction obstruction. J Urol 154:719-722 

Erbay G, Koc Z, Karadeli E et al (2012) Evaluation of 
malignant and benign renal lesions using diffusion- 
weighted MRI with multiple b values. Acta Radiol 
53:359-365 


85 


Esfahani SA, Kajbafzadeh A-M, Beigi RS et al (2011) 
Precise delineation of ureterocele anatomy: virtual 
magnetic resonance cystoscopy. Abdom Imaging 
36:765-770. doi: 10.1007/s0026 1-01 1-9695-z 

Eskildjensen A, Gordon I, Piepsz A, Frokiar J (2005) 
Congenital unilateral hydronephrosis: a review of 
the impact of diuretic renography on clinical treat- 
ment. J Urol 173:1471-1476. doi:10.1097/01. 
ju.0000157384.32215.fe 

Faletti R, Cassinis MC, Fonio P et al (2013) Diffusion— 
weighted imaging and apparent diffusion coefficient 
values versus contrast-enhanced mr imaging in the 
identification and characterisation of acute pyelo- 
nephritis. Eur Radiol 23:3501-3508. doi:10.1007/ 
s00330-013-2951-6 

Farrugia M-K, Hitchcock R, Radford A et al (2014) British 
Association of Paediatric Urologists consensus state- 
ment on the management of the primary obstructive 
megaureter. J Pediatr Urol 10:26-33. doi:10.1016/j. 
jpurol.2013.09.018 

Figueroa VH, Chavhan GB, Oudjhane K, FARHAT W 
(2014) Utility of MR urography in children suspected 
of having ectopic ureter. Pediatr Radiol 44:956-962. 
doi: 10.1007/s00247-014-2905-4 

Gaddikeri S, Mitsumori L, Vaidya S et al (2014) Comparing 
the diagnostic accuracy of contrast-enhanced com- 
puted tomographic angiography and gadolinium- 
enhanced magnetic resonance angiography for the 
assessment of hemodynamically significant transplant 
renal artery stenosis. Curr Probl Diagn Radiol 43:162- 
168. doi: 10.1067/j.cpradiol.2014.03.001 

Gardener AG, Francis ST (2010) Multislice perfusion of 
the kidneys using parallel imaging: image acquisition 
and analysis strategies. Magn Reson Med 63:1627— 
1636. doi:10.1002/mrm.22387 

Gee MS, Bittman M, Epelman M et al (2013) Magnetic 
resonance imaging of the pediatric kidney. Magn 
Reson Imaging Clin NA 21:697-715. doi:10.1016/j. 
mric.2013.06.001 

Geller E, Kochan PS (2011) Renal neoplasms of child- 
hood. Radiol Clin NA 49:689-709. doi:10.1016/j. 
rel.2011.05.003 

Gimpel C, Masioniene L, Djakovic N et al (2010) Compli- 
cations and long-term outcome of primary obstructive 
megaureter in childhood. Pediatr Nephrol 25:1679- 
1686. doi:10.1007/s00467-010-1523-0 

Glassberg KI (2002) Normal and abnormal development 
of the kidney: a clinician’s interpretation of current 
knowledge. JURO 167:2339-2331 

Gonzalez PAL, Cubillana PL, Pastor GS et al (2011) 
Retrocaval ureter in children. Case report and biblio- 
graphic review. Arch Esp Urol 64:461—464 

Gordon I (2001) Diuretic renography in infants with pre- 
natal unilateral hydronephrosis: an explanation for the 
controversy about poor drainage. BJU Int 87:551-555. 
doi:10.1046/j.1464-410X.2001.0008 1.x 

Grattan-Smith JD, Jones RA (2008) MR urography: tech- 
nique and results for the evaluation of urinary obstruc- 
tion in the pediatric population. Magn Reson Imaging 


86 


Clin N Am 16:643-660, 
mric.2008.07.003 

Grattan-Smith JD, Perez-Bayfield MR, Jones RA et al 
(2003) MR imaging of kidneys: functional evaluation 
using F-15 perfusion imaging. Pediatr Radiol 33:293- 
304. doi: 10.1007/s00247-003-0896-7 

Grattan-Smith JD, Little SB, Jones RA (2007) Evaluation 
of reflux nephropathy, pyelonephritis and renal dys- 
plasia. Pediatr Radiol 38:83-105. doi:10.1007/ 
s00247-007-0668-x 

Grattan-Smith JD, Jones RA, Little S, Kirsch AJ (2010) 
Bilateral congenital midureteric strictures associated 
with multicystic dysplastic kidney and hydronephro- 
sis: evaluation with MR urography. Pediatr Radiol 
41:117-120. doi:10.1007/s00247-010-1799-z 

Greenbaum LA (2007) Renal dysplasia and MRI: a 
clinician’s perspective. Pediatr Radiol 38:70-75. 
doi:10.1007/s00247-007-0586-y 

Grinspon RP, Rey RA (2014) When hormone defects can- 
not explain it: malformative disorders of sex develop- 
ment. Birth Defect Res C 102:359-373. doi:10.1002/ 
bdre.21086 

Grobner T (2006) Gadolinium--a specific trigger for the 
development of nephrogenic fibrosing dermopathy 
and nephrogenic systemic fibrosis? Nephrol Dial 
Transplant 21:1104—1108. doi:10.1093/ndt/gfk062 

Hackstein N, Heckrodt J, Rau WS (2003) Measurement 
of single-kidney glomerular filtration rate using a 
contrast-enhanced dynamic gradient-echo sequence 
and the Rutland-Patlak plot technique. J Magn Reson 
Imaging 18:714—725. doi:10.1002/jmri.10410 

Hackstein N, Kooijman H, Tomaselli S, Rau WS (2005) 
Glomerular filtration rate measured using the Patlak 
plot technique and contrast-enhanced dynamic MRI 
with different amounts of gadolinium-DTPA. J 
Magn Reson Imaging 22:406-414. doi:10.1002/ 
jmri.20401 

Hall-Craggs MA, Kirkham A, Creighton SM (2013a) 
Renal and urological abnormalities occurring 
with Mullerian anomalies. J Pediatr Urol 9:27-32. 
doi:10.1016/j.jpurol.2011.11.003 

Hall-Craggs MA, Williams CE, Pattison SH et al (2013b) 
Mayer-Rokitansky-Kuster-Hauser syndrome: diag- 
nosis with MR imaging. Radiology 269:787—792. 
doi:10.1148/radiol.13130211 

Hammond NA, Lostumbo A, Adam SZ et al (2015) 
Imaging of adrenal and renal hemorrhage. Abdom 
Imaging 40:1-14. doi:10.1007/s00261-015-0453-5 

Harper L, Bourquard D, Grosos C et al (2013) Cortical 
transit time as a predictive marker of the need for 
surgery in children with pelvi-ureteric junction ste- 
nosis: preliminary study. J Pediatr Urol 9:1054—1058. 
doi:10.1016/j.jpurol.2013.03.002 

Harraz AM, Helmy T, Taha D-E et al (2013) Changes 
in differential renal function after pyeloplasty in 
children. J Urol 190:1468-1473. doi:10.1016/j. 
juro.2013.01.004 

Hashim H, Woodhouse CRJ (2012) Ureteropelvic junction 
obstruction. Eur Urol Suppl 11:25-32. doi:10.1016/j. 
eursup.2012.01.004 


viii-ix. doi:10.1016/j. 


J.D. Grattan-Smith and R.A. Jones 


Hekmatnia A, Merrikhi A, Farghadani M et al (2013) 
Diagnostic accuracy of magnetic resonance void- 
ing cystourethrography for detecting vesico-ureteral 
reflux in children and adolescents. J Res Med Sci 
18:31-36 

Heuer R, Sommer G, Shortliffe LD (2003) Evaluation 
of renal growth by magnetic resonance imaging and 
computerized tomography volumes. J Urol 170:1659— 
1663. doi:10.1097/01 .ju.0000085676.76111.27 

Hodges SJ, Werle D, McLorie G, Atala A (2010) 
Megaureter. Scientific World J 10:603-612. 
doi:10.1100/tsw.2010.54 

Huang AJ, Lee VS, Rusinek H (2004) Functional renal 
MR imaging. Magn Reson Imaging Clin N Am 
12:469-486. doi:10.1016/j.mric.2004.04.001 

Huang W-Y, Peters CA, Zurakowski D et al (2006) Renal 
biopsy in congenital ureteropelvic junction obstruc- 
tion: evidence for parenchymal maldevelopment. 
Kidney Int 69:137—143. doi:10.1038/sj.ki.5000004 

Hughes IA (2002) Intersex. BJU Int 90:769-776. 
doi:10.1046/j.1464-410X.2002.02920.x 

Hwang AH, McAleer IM, Shapiro E et al (2005) 
Congenital mid ureteral strictures. J Urol 174:1999- 
2002. doi:10.1097/01.ju.0000176462.56473.0c 

Ichikawa S, Motosugi U, Ichikawa T et al (2013) 
Intravoxel incoherent motion imaging of the kidney: 
alterations in diffusion and perfusion in patients with 
renal dysfunction. Magn Reson Imaging 31:414—417. 
doi:10.1016/j.mri.2012.08.004 

Ismaili K, Piepsz A (2013) The antenatally detected pelvi- 
ureteric junction stenosis: advances in renography and 
strategy of management. Pediatr Radiol 43:428-435. 
doi: 10.1007/s00247-012-2505-0 

Itoh K (2001) 99mTc-MAG3: review of pharmacokinet- 
ics, clinical application to renal diseases and quantifi- 
cation of renal function. Ann Nucl Med 15:179-190. 
doi: 10.1007/BF02987829 

Jaramillo D, Lebowitz RL, Hendren WH (1990) The cloa- 
cal malformation: radiologic findings and imaging rec- 
ommendations. Radiology 177:441-448. doi:10.1148/ 
radiology.177.2.2217782 

Jarboe MD, Teitelbaum DH, Dillman JR (2012) Combined 
3D rotational fluoroscopic-MRI cloacagram procedure 
defines luminal and extraluminal pelvic anatomy prior 
to surgical reconstruction of cloacal and other com- 
plex pelvic malformations. Ped Surg Int 28:757-763. 
doi: 10.1007/s00383-012-3122-6 

Johnin K, Takazakura R, Furukawa A et al (2013) Magnetic 
resonance voiding cystourethrography (MRVCUG): a 
potential alternative to standard VCUG. J Magn Reson 
Imaging 38:897—904. doi: 10.1002/jmri.24052 

Jones RA, PEREZ-BRAYFIELD MR, Kirsch AJ, Grattan- 
Smith JD (2004) Renal transit time with MR urogra- 
phy in childrenl. Radiology 233:41-50. doi:10.1148/ 
radiol.2331031117 

Jones RA, Easley K, Little SB et al (2005) Dynamic 
contrast-enhanced MR urography in the evaluation 
of pediatric hydronephrosis: part 1, functional assess- 
ment. Am J Roentgenol 185:1598—1607. doi:10.2214/ 
AJR.04.1540 


MR of the Urogenital Tract in Children 


Jones RA, Grattan-Smith JD, Little S (2011) Pediatric 
magnetic resonance urography. J Magn Reson Imaging 
33:510-526. doi:10.1002/jmri.22474 

Junqueira BLP, Allen LM, Spitzer RF et al (2009) 
Miillerian duct anomalies and mimics in children and 
adolescents: correlative intraoperative assessment 
with clinical imaging]. RadioGraphics 29: 1085-1103. 
doi:10.1148/rg.294085737 

Kalisvaart J, Bootwala Y, Poonawala H et al (2011) 
Comparison of ultrasound and magnetic reso- 
nance urography for evaluation of contralateral 
kidney in patients with multicystic dysplastic kid- 
ney disease. JURO 186:1059-1064. doi:10.1016/j. 
juro.2011.04.105 

Kanda T, Ishii K, Kawaguchi H et al (2014) High signal 
intensity in the dentate nucleus and globus pallidus 
on unenhanced Tl-weighted MR images: relation- 
ship with increasing cumulative dose of a gadolinium- 
based contrast material. Radiology 270:834-841. 
doi:10.1148/radiol.13131669 

Kanda T, Fukusato T, Matsuda M etal (2015a) Gadolinium- 
based contrast agent accumulates in the brain even in 
subjects without severe renal dysfunction: evaluation 
of autopsy brain specimens with inductively coupled 
plasma mass spectroscopy. Radiology 276:228—232. 
doi:10.1148/radiol.2015142690 

Kanda T, Osawa M, Oba H et al (2015b) High signal inten- 
sity in dentate nucleus on unenhanced T1-weighted 
mr images: association with linear versus macrocy- 
clic gadolinium chelate administration. Radiology 
275:803-809. doi:10.1148/radiol. 14140364 

Kaneyama K, Yamataka A, Someya T et al (2006) 
Magnetic resonance urographic parameters for pre- 
dicting the need for pyeloplasty in infants with pre- 
natally diagnosed severe hydronephrosis. J Urol 
176:1781-1785. doi:10.1016/j.juro.2006.03.122 

Kara T, Acu B, Beyhan M, Gokce E (2012) Magnetic res- 
onance imaging in diagnosis of the mayer-rokitansky- 
kuster-hauser syndrome. Diagn Interv Radiol. 
doi:10.4261/1305-3825.DIR.6341-12.1 

Kavanagh EC, Ryan S, Awan A et al (2005) Can MRI 
replace DMSA in the detection of renal parenchy- 
mal defects in children with urinary tract infec- 
tions? Pediatr Radiol 35:275-281. doi:10.1007/ 
s00247-004-1335-0 

Keller MS, Eric Coln C, Garza JJ et al (2004) Functional 
outcome of nonoperatively managed renal injuries in 
children. J Trauma Injury Infect Crit Care 57:108—-110. 
doi:10.1097/01.TA.0000133627.75366.CA 

Kembhavi SA, Qureshi S, Vora T et al (2013) 
Understanding the principles in management of 
Wilms. Clin Radiol 68:646-653. doi:10.1016/j. 
crad.2012.11.012 

Khrichenko D, Darge K (2009) Functional analysis in MR 
urography — made simple. Pediatr Radiol. doi: 10.1007/ 
s00247-009- 1458-4 

King LR (1980) Megaloureter: definition, diagnosis and 
management. JURO 123:222-223 

Kirsch AJ, McMann LP, Jones RA et al (2006) Magnetic 
resonance urography for evaluating outcomes 


87 


after pediatric pyeloplasty. J Urol 176:1755-1761. 
doi:10.1016/j.juro.2006.03.115 

Klein J, Gonzalez J, Miravete M et al (2010) Congenital 
ureteropelvic junction obstruction: human disease 
and animal models. Int J Exp Pathol 92:168-192. 
doi:10.1111/j.1365-2613.2010.00727.x 

Koff SA (2007) Requirements for accurately diagnosing 
chronic partial upper urinary tract obstruction in chil- 
dren with hydronephrosis. Pediatr Radiol 38:41-48. 
doi: 10.1007/s00247-007-0590-2 

Korobkin M (1972) Physiology and significance of the 
prolonged nephrogram. Calif Med 117:55-56 

Krepkin K, Won E, Ramaswamy K et al (2014) Dynamic 
contrast-enhanced MR renography for renal func- 
tion evaluation in ureteropelvic junction obstruction: 
feasibility study. Am J Roentgenol 202:778-783. 
doi:10.2214/AJR.13.11321 

Lankadeva YR, Singh RR, Tare M et al (2014) Loss of a 
kidney during fetal life: long-term consequences and 
lessons learned. AJP: Renal Physiol 306:F791—F800. 
doi:10.1152/ajprenal.00666.2013 

Le Bihan D (2013) Apparent diffusion coefficient and 
beyond: what diffusion MR imaging can tell us about 
tissue structure. Radiology 268:3 18-322. doi:10.1148/ 
radiol.13130420 

Le Bihan D, Breton E, Lallemand D et al (1986) MR imag- 
ing of intravoxel incoherent motions: application to dif- 
fusion and perfusion in neurologic disorders. Radiology 
161:401-407. doi:10.1148/radiology. 161.2.3763909 

Lee VS, Rusinek H, Noz ME et al (2003) Dynamic three- 
dimensional mr renography for the measurement of 
single kidney function: initial experience1. Radiology 
227:289-294. doi:10.1148/radiol.227 1020383 

Little SB, Jones RA, Grattan-Smith JD (2007) Evaluation 
of UPJ obstruction before and after pyeloplasty 
using MR urography. Pediatr Radiol 38:106—124. 
doi: 10.1007/s00247-007-0669-9 

Liu G, Han F, Xiao W et al (2014) Detection of renal 
allograft rejection using blood oxygen level- 
dependent and diffusion weighted magnetic resonance 
imaging: a retrospective study. BMC Nephrol 15:158. 
doi:10.1007/s11547-008-0248-7 

Lonergan GJ, Martinez-Leén MI, Agrons GA et al 
(1998) Nephrogenic rests, nephroblastomatosis, and 
associated lesions of the kidney. RadioGraphics 18: 
947-968 

Lucaya J, Enriquez G, Delgado R, Castellote A (1984) 
Infundibulopelvic stenosis in children. AJR Am 
J Roentgenol § 142:471-474.  doi:10.2214/ajr.142. 
3.471 

Mackie GG, Stephens FD (1975) Duplex kidneys: a cor- 
relation of renal dysplasia with position of the ureteral 
orifice. JURO 114:274-280 

Mansour SM, Hamed ST, Adel L et al (2012) Does MRI 
add to ultrasound in the assessment of disorders 
of sex development? Eur J Radiol 81:2403-2410. 
doi:10.1016/j.ejrad.2011.12.036 

Marcal L, Nothaft MA, Coelho F et al (2011) Mullerian 
duct anomalies: MR imaging. Abdom Imaging 
36:756-764. doi: 10.1007/s00261-010-968 1-x 


88 


Marckmann P (2006) Nephrogenic systemic fibro- 
sis: suspected causative role of gadodiamide used 
for contrast-enhanced magnetic resonance imag- 
ing. J Am Soc Nephrol 17:2359-2362. doi:10.1681/ 
ASN.2006060601 

Martin DR, Sharma P, Salman K et al (2008) Individual 
kidney blood flow measured with contrast-enhanced 
first-pass perfusion MR imaging. Radiology 246:241-— 
248. doi:10.1148/radiol.2461062129 

Martina MC, Campanino PP, Caraffo F et al (2010) 
Dynamic magnetic resonance imaging in acute pyelo- 
nephritis. Radiol Med 115:287-300. doi:10.1007/ 
s11547-009-0468-5 

Martirosian P, Klose U, Mader I, Schick F (2004) FAIR 

true-FISP perfusion imaging of the kidneys. Magn 

Reson Med 51:353-361. doi:10.1002/mrm. 10709 

McDonald K, Duffy P, Chowdhury T, McHugh K (2013) 

Added value of abdominal cross-sectional imaging 

(CT or MRI) in staging of Wilms. Clin Radiol 68:16- 

20. doi: 10.1016/j.crad.2012.05.006 

McMann LP, Kirsch AJ, Scherz HC et al (2006) Magnetic 
resonance urography in the evaluation of prenatally 
diagnosed hydronephrosis and renal dysgenesis. J Urol 
176:1786-1792. doi:10.1016/j.juro.2006.05.025 

Miyazaki Y, Ichikawa I (2003) Ontogeny of con- 
genital anomalies of the kidney and uri- 
nary tract, CAKUT. Pediatr Int 45:598-604. 
doi:10.1046/j.1442-200X.2003.01777.x 

Niu ZB, Yang Y, Hou Y et al (2007) Ureteral polyps: 
an etiological factor of hydronephrosis in children 
that should not be ignored. Ped Surg Int 23:323-326. 
doi:10.1007/s00383-007-1884-z 

Nixon JN, Biyyam DR, Stanescu L et al (2013) Imaging 
of pediatric renal transplants and their complications: 
a pictorial review. RadioGraphics 33:1227-1251. 
doi:10.1148/rg.335125150 

Nurzia MJ, Costantinescu AR, Barone JG (2002) 
Childhood infundibular stenosis. Urology 60:344- 
344. doi: 10.1016/S0090-4295(02)01714-4 

O’Reilly PH (1982) Role of modern radiological inves- 
tigations in obstructive uropathy. Br Med J (Clin Res 
Ed) 284:1847-1851 

O’Reilly PH (2002) Obstructive uropathy. The quarterly 
journal of nuclear medicine: official publication of the 
Italian Association of Nuclear Medicine (AIMN)[and] 
the International Association of Radiopharmacology 
(IAR) 46:295-303 

Patel UD (2014) Outcomes after pediatric kidney 
transplantation improving: how can we do even 
better’? Pediatrics 133:734—735.doi:10.1542/peds.2014- 
0124 

Patheyar V, Venkatesh SK, Siew E et al (2011) MR imag- 
ing features of fibroepithelial ureteral polyp in a 
patient with duplicated upper urinary tract. Singapore 
Med J 52:e45-e47 

Patlak CS, Blasberg RG (1985) Graphical evaluation of 
blood-to-brain transfer constants from multiple-time 
uptake data. Generalizations J Cereb Blood Flow 
Metab 5:584—590. doi: 10.1038/jcbfm. 1985.87 


J.D. Grattan-Smith and R.A. Jones 


Pedersen M, Shi Y, Anderson P et al (2004) Quantitation 
of differential renal blood flow and renal function 
using dynamic contrast-enhanced MRI in rats. Magn 
Reson Med 51:510-517. doi:10.1002/mrm.10711 

Pekar J, Moonen CT, van Zijl PC (1992) On the preci- 
sion of diffusion/perfusion imaging by gradient sensi- 
tization. Magn Reson Med 23:122—129. doi:10.1002/ 
mrm.1910230113 

Perez-Brayfield MR, Kirsch AJ, Jones RA, Grattan- 
Smith JD (2003) A prospective study comparing 
ultrasound, nuclear scintigraphy and dynamic con- 
trast enhanced magnetic resonance imaging in the 
evaluation of hydronephrosis. J Urol 170:1330-1334. 
doi:10.1097/01 .ju.0000086775.66329.00 

Peruzzi L (2014) Challenges in pediatric renal transplan- 
tation. WJT 4:222. doi:10.5500/wjt.v4.i4.222 

Peters AM (1994) Graphical analysis of dynamic data: 
the Patlak-Rutland plot. Nucl Med Commun 15: 
669-672 

Peters CA, Chevalier RL (2012) Chapter 113 — Congenital 
urinary obstruction: pathophysiology and clini- 
cal evaluation, 10th edn. Elsevier Inc., Philadelphia. 
http://doi.org/10.1016/j.ucl.2010.03.007 

Piepsz A (2007) Antenatally detected hydronephro- 
sis. Semin Nucl Med 37:249-260. doi:10.1053/j. 
semnuclmed.2007.02.008 

Piepsz A (2011) Antenatal detection of pelviureteric junc- 
tion stenosis: main controversies. Semin Nucl Med 
41:11-19. doi:10.1053/j.semnuclmed.2010.07.008 

Piepsz A, Tondeur M, Nogaréde C et al (2011) Can severely 
impaired cortical transit predict which children with 
pelvi-ureteric junction stenosis detected antenatally 
might benefit from pyeloplasty? Nucl Med Commun 
32:199-205. doi: 10.1097/MNM.0b013e328340c586 

Pieretti-Vanmarcke R, Pieretti A, Pieretti RV (2008) 
Megacalycosis: a rare condition. Pediatr Nephrol 
24:1077-1079. doi:10.1007/s00467-008-1039-z 

Podberesky DJ, Towbin AJ, Eltomey MA, Levitt MA 
(2013) Magnetic resonance imaging of anorectal mal- 
formations. Magn Reson Imaging Clin NA 21:791- 
812. doi: 10.1016/j.mric.2013.04.010 

Pohl HG, Rushton HG, Park JS et al (2001) Early diuresis 
renogram findings predict success following pyelo- 
plasty. J Urol 165:2311-2315 

Pope JC, Brock JW, ADAMS MC et al (1999) How they 
begin and how they end: classic and new theories 
for the development and deterioration of congenital 
anomalies of the kidney and urinary tract, CAKUT. J 
Am Soc Nephrol 10:2018-2028 

Pouliot F, Lebel MH, Audet J-F, Dujardin T (2010) 
Determination of success by objective scintigraphic 
criteria after laparoscopic pyeloplasty. J Endourol 
24:299-304. doi: 10.1089/end.2009.0134 

Preibsch H, Rall K, Wietek BM et al (2014) Clinical 
value of magnetic resonance imaging in patients with 
Mayer-Rokitansky-Kitister-Hauser (MRKH) syn- 
drome: diagnosis of associated malformations, uterine 
rudiments and intrauterine endometrium. Eur Radiol 
24:1621-1627. doi:10.1007/s00330-014-3 156-3 


MR of the Urogenital Tract in Children 


Prokop M, Schneider G, Vanzulli A et al (2005) Contrast- 
enhanced MR Angiography of the renal arteries: 
blinded multicenter crossover comparison of gado- 
benate dimeglumine and gadopentetate dimeglu- 
minel. Radiology  234:399-408. doi:10.1148/ 
radiol.2342040023 

Radbruch A, Weberling LD, Kieslich PJ et al (2015) 
Gadolinium retention in the dentate nucleus and 
globus pallidus is dependent on the class of con- 
trast agent. Radiology 275:783-791. doi:10.1148/ 
radiol.2015150337 

Ranawaka R, Hennayake S (2013) Resolution of pri- 
mary non-refluxing megaureter: an observational 
study. J Pediatr Surg 48:380-383. doi:10.1016/). 
jpedsurg.2012.11.017 

Redman JF, Neeb AD (2005) Congenital megacaly- 
cosis: a forgotten diagnosis? Urology 65:384—385. 
doi:10.1016/j.urology.2004.09.058 

Renjen P, Bellah R, Hellinger JC, Darge K (2010) 
Pediatric urologic advanced imaging: techniques and 
applications. Urol Clin NA 37(2):307-318. http://doi. 
org/10.1016/j.ucl.2010.03.007 

Riccabona M (2010) Obstructive diseases of the uri- 
nary tract in children: lessons from the last 15 years. 
Pediatr Radiol 40:947—955. doi:10.1007/s00247-010- 
1590-1 

Riccabona M, Avni FE, Dacher J-N et al (2010) ESPR 
uroradiology task force and ESUR paediatric working 
group: imaging and procedural recommendations in 
paediatric uroradiology, part III. Minutes of the ESPR 
uroradiology task force minisymposium on intrave- 
nous urography, uro-CT and MR-urography in child- 
hood. Pediatr Radiol 40:1315-1320. doi:10.1007/ 
s00247-010-1686-7 

Riccabona M, Avni F, Dacher JN, Damasio B, Darge 
K, Lobo ML, Ording-Miiller LS, Papado-poulou 
F, Vivier P, Willi U (2011) ESPR uroradiology task 
force and ESUR paediatric working group: imaging 
recommendations in paediatric uroradiology, part IV 
Minutes of the ESPR urora-diology task force mini- 
symposium on imaging in childhood renal hyperten- 
sion and imaging of renal trauma in children. Pediatr 
Radiol 41:939-944. doi:10.1007/s00247-011-2089-0 

Riccabona M, Avni F, Damasio B, Ordning-Mueller 
LS, Lobo ML, Darge K, Papadopoulou F, Willi U, 
Blickmann J, Vivier PH (2012) ESPR Uroradiology 
Task Force and ESUR Paediatric Working Group — 
Imaging recommendations in Paediatric Uroradiology, 
Part V: Childhood cystic kidney disease, childhood 
renal transplantation, and contrast-enhanced ultra- 
sound in children. Pediatr Radiol 42:1275-1283. 
doi:10.1007/s00247-012-2436-9 

Riccabona M, Darge K, Lobo M-L et al (2015) ESPR 
Uroradiology Taskforce—imaging recommenda- 
tions in paediatric uroradiology, part VIII: retro- 
grade urethrography, imaging disorder of sexual 
development and imaging childhood testicular tor- 
sion. Pediatr Radiol 45:2023-2028. doi:10.1007/ 
s00247-015-3452-3 


89 


Ries M, Jones RA, Basseau F et al (2001) Diffusion ten- 
sor MRI of the human kidney. J Magn Reson Imaging 
14:42-49. doi:10.1002/jmri.1149 

Risdon RA (1993) The small scarred kidney in childhood. 
Pediatr Nephrol 7:361—364 

Risdon RA, Young LW, Chrispin AR (1975) Renal hypo- 
plasia and dysplasia: a radiological and pathological 
correlation. Pediatr Radiol 3:213-225 

Robson PM, Madhuranthakam AJ, Dai W et al (2009) 
Strategies for reducing respiratory motion artifacts 
in renal perfusion imaging with arterial spin label- 
ing. Magn Reson Med 61:1374-1387. doi:10.1002/ 
mrm.21960 

Rodriguez MM (2014) Congenital anomalies of the kid- 
ney and the urinary tract (CAKUT). Fetal Pediatr 
Pathol 33:293-320. doi:10.3109/15513815.2014.95 
9678 

Rodriguez LV, Spielman D, Herfkens RJ, Shortliffe LD 
(2001) Magnetic resonance imaging for the evalu- 
ation of hydronephrosis, reflux and renal scarring in 
children. JURO 166:1023-1027. doi:10.1016/S0022- 
5347(05)65910-1 

Rosen S, Peters CA, Chevalier RL, Huang W-Y (2008) The 
kidney in congenital ureteropelvic junction obstruc- 
tion: a spectrum from normal to nephrectomy. J Urol 
179:1257-1263. doi:10.1016/j.juro.2007.11.048 

Rusinek H, Lee VS, Johnson G (2001) Optimal dose of 
Gd-DTPA in dynamic MR studies. Magn Reson Med 
46:312-316. doi:10.1002/mrm.1193 

Rutland (1979): Rutland MD. A single injection technique 
for subtraction of blood background in 131J-hippuran 
renograms. Br J Radiol 1979;52:134—137 

Samin A, Becker JA (1991) CT nephrogram in acute 
obstructive uropathy. Urol Radiol 12:178-180 

Sanna-Cherchi S, Ravani P, Corbani V et al (2009) Renal 
outcome in patients with congenital anomalies of the 
kidney and urinary tract. Kidney Int 76:528-533. 
doi: 10.1038/ki.2009.220 

Soares dos Santos Junior AC, Marques de Miranda D, 
Simões e Silva AC (2014) Congenital anomalies of 
the kidney and urinary tract: an embryogenetic review. 
Birth Defect Res C. doi:10.1002/bdre.21084 

Santucci RA, Wessells H, Bartsch G et al (2004) Evaluation 
and management of renal injuries: consensus state- 
ment of the renal trauma subcommittee. BJU Int 
93:937-954. doi:10.1111/j.1464-4096.2004.04820.x 

Saxton HM (1969) Review article: urography. Br J Radiol 
42:321-346 

Schlotmann A, Clorius JH, Clorius SN (2009) Diuretic 
renography in hydronephrosis: renal tissue tracer tran- 
sit predicts functional course and thereby need for 
surgery. Eur J Nucl Med Mol Imaging 36:1665-1673. 
doi:10.1007/s00259-009- 1138-5 

Schreuder MF (2012) Safety in glomerular numbers. Pediatr 
Nephrol 27:1881—1887. doi: 10.1007/s00467-012-2169-x 

Sfakianakis GN, Sfakianaki E, Georgiou M et al (2009) 
A renal protocol for all ages and all indications: 
mercapto-acetyl-triglycine (MAG3) with simul- 
taneous injection of furosemide (MAG3-F0): a 


90 


17-year experience. Semin Nucl Med 39:156-173. 
doi:10.1053/j.semnuclmed.2008.11.001 

Sharfuddin A (2011) Grattan-Smith09102015. YSNEP 
31:259-271. doi:10.1016/j.semnephrol.2011.05.005 

Sharfuddin A (2014) Renal relevant radiology: imaging in 
kidney transplantation. Clin J Am Soc Nephrol 9:416- 
429. doi:10.2215/CJN.02960313 

Sherwood T (1971) The physiology of intravenous urog- 
raphy. Sci Basis Med Annu Rev 336-348 

Shive ML, Baskin L, Harris C et al (2012) Ureteral fibro- 
epithelial polyp causing urinary obstruction. Radiol 
Case. doi: 10.394 1/jrer.v6i7.1076 

Shokeir AA, Nijman RJM (2002) Ureterocele: an ongoing 
challenge in infancy and childhood. BJU Int 90:777- 
783. doi:10.1046/j.1464-410X.2002.02998.x 

Shokeir AA, Provoost AP, Nijman RJ (1999) 
Recoverability of renal function after relief of chronic 
partial upper urinary tract obstruction. BJU Int 83:11- 
17. doi: 10.1046/j.1464-410x.1999.00889.x 

Shopfner CE (1964) Genitography in intersexual states. 
Radiology 82:664—674 

Smith EA (2013) Advanced techniques in pediatric 
abdominopelvic oncologic magnetic resonance imag- 
ing. Magn Reson Imaging Clin NA 21:829-841. 
doi:10.1016/j.mric.2013.06.002 

Smith ED, Cussen LJ, Glenn J et al (1977) Report of 
working party to establish an international nomencla- 
ture for the large ureter. Birth Defects Orig Artic Ser 
13:3-8 

Soulez G, Pasowicz M, Benea G et al (2008) Renal artery 
stenosis evaluation: diagnostic performance of gado- 
benate dimeglumine—enhanced MR angiography— 
comparison with DSA 1. Radiology 247:273-285. 
doi:10.1148/radiol.2471070711 

Sourbron S (2010) Compartmental modelling for 
magnetic resonance renography. Zeitschrift fuer 
Medizinische Physik 20:101-114. doi:10.1016/j. 
zemedi.2009.10.010 

Swinson S, McHugh K (2011) Urogenital tumours 
in childhood. Cancer Imaging 11:S48-S64. 
doi:10.1102/1470-7330.2011.9009 

Takazakura R, Johnin K, Furukawa A et al (2007) 
Magnetic resonance voiding cystourethrography for 
vesicoureteral reflux. J Magn Reson Imaging 25:170- 
174. doi: 10.1002/jmri.20822 

Tasian GE, Aaronson DS, McAninch JW (2010) Trauma/ 
reconstruction/diversion/evaluation of renal func- 
tion after major renal injury: correlation with the 
American Association for the Surgery of Trauma 
Injury Scale. JURO 183:196-200. doi:10.1016/j. 
juro.2009.08.149 

Thoeny HC, De Keyzer F (2011) Diffusion-weighted MR 
imaging of native and transplanted kidneys. Radiology 
259:25-38. doi: 10.1148/radiol. 10092419 

Thoeny HC, De Keyzer F, Oyen RH, Peeters RR (2005) 
Diffusion-weighted MR imaging of kidneys in 
healthy volunteers and patients with parenchymal dis- 
eases: initial experiencel. Radiology 235:911-917. 
doi:10.1148/radiol.2353040554 


J.D. Grattan-Smith and R.A. Jones 


Ulman I, Jayanthi VR, Koff SA (2000) The long-term 
followup of newborns with severe unilateral hydro- 
nephrosis initially treated nonoperatively. J Urol 
164:1101-1105 

Uthappa MC, Anthony D, Allen C (2002) Case report: 
retrocaval ureter: MR appearances. Br J Radiol 
75:177-179 

Van Arendonk KJ, Boyarsky BJ, Orandi BJ et al (2014) 
National trends over 25 years in pediatric kidney trans- 
plant outcomes. Pediatrics 133:594—601. doi: 10.1542/ 
peds.2013-2775 

Vemulakonda V, Yiee J, Wilcox DT (2014) Prenatal hydro- 
nephrosis: postnatal evaluation and management. Curr 
Urol Rep 15:430. doi:10.1007/s11934-014-0430-5 

Vivante A, Kohl S, Hwang D-Y et al (2014) Single-gene 
causes of congenital anomalies of the kidney and 
urinary tract (CAKUT) in humans. Pediatr Nephrol 
29:695-—704. doi: 10.1007/s00467-013-2684-4 

Vivier P-H, Dolores M, Taylor M, Dacher J-N (2010a) 
MR urography in children. Part 2: how to use ImageJ 
MR urography processing software. Pediatr Radiol 
40:739-746. doi: 10.1007/s00247-009- 1536-7 

Vivier P-H, Dolores M, Taylor M et al (2010b) MR 
urography in children. Part 1: how we do the FO 
technique. Pediatr Radiol 40:732-—738. doi:10.1007/ 
s00247-009- 1538-5 

Vivier P-H, Sallem A, Beurdeley M et al (2013) MRI and 
suspected acute pyelonephritis in children: compari- 
son of diffusion-weighted imaging with gadolinium- 
enhanced T1-weighted imaging. Eur Radiol 24:19-25. 
doi: 10.1007/s00330-013-297 1-2 

Waingankar N, Hayek S, Smith AD, Okeke Z (2014) 
Calyceal diverticula: a comprehensive review. Rev 
Urol 16:29-43. doi:10.3909/riu058 1 

Wang Y-T (2015) Functional assessment of transplanted 
kidneys with magnetic resonance imaging. WJR 
7:343. doi: 10.4329/wjr.v7.i10.343 

Weiser AC, Amukele SA, Leonidas JC, Palmer LS (2003) 
The role of gadolinium enhanced magnetic resonance 
imaging for children with suspected acute pyelo- 
nephritis. J Urol 169:2308—2311. doi:10.1097/01. 
ju.0000068082.91869.29 

Westland R, Schreuder MF, Ket JCF, Van Wijk JAE 
(2013) Unilateral renal agenesis: a systematic review 
on associated anomalies and renal injury. Nephrol Dial 
Transplant 28:1844—1855. doi:10.1093/ndt/gft012 

Whitaker RH, Flower CD (1981) Megacalices--how 
broad a spectrum? Br J Urol 53:1-6 

Whitaker RH, Bullock KN, Buxton-Thomas MS et al 
(1982) Role of modern radiological investigations in 
obstructive uropathy. Br Med J (Clin Res Ed) 285:211 

Whitfield HN, Britton KE, Hendry WF et al (1978) 
The distinction between obstructive uropathy and 
nephropathy by radioisotope transit times. Br J Urol 
50:433-436 

Williams B, Tareen B, Resnick MI (2007) Pathophysiology 
and treatment of ureteropelvic junction obstruc- 
tion. Curr Urol Rep 8:111-117. doi:10.1007/ 
s11934-007-0059-8 


MR of the Urogenital Tract in Children 


91 


Winkler NS, Kennedy AM, Woodward PJ (2012) 
Cloacal malformation. Embyrology, Anatomy and 
prenatal imaging features. J Ultrasound Med 31: 
1843-1855 

Woolf AS (2004) Evolving concepts in human renal 
dysplasia. J Am Soc Nephrol 15:998—1007. 
doi:10.1097/01.ASN.0000113778.06598.6F 

Wright NB, Smith C, Rickwood AM, Carty HM (1995) 
Imaging children with ambiguous genitalia and inter- 
sex states. Clin Radiol 50:823-829 

Wu AK, Tran TC, Sorensen MD et al (2012) Relative 
renal function does not improve after relieving 
chronic renal obstruction. BJU Int 109:1540-1544. 
doi:10.1111/j.1464-410X.2011.10788.x 

Yamamoto A, Zhang JL, Rusinek H et al (2011) 
Quantitative evaluation of acute renal transplant 
dysfunction with low-dose three-dimensional MR 


renography. Radiology 260:781-789. doi:10.1148/ 
radiol.11101664 
Yavus A, Bora A, Kurdoglu M et al (2015) Herlyn-Werner- 
Wunderlich Syndrome: merits of sonographic and 
magnetic resonance imaging for accurate diagnosis 
and patient management in 13 cases. J Pediatr Adolesc 
Gynecol 28:47-52. doi:10.1016/j.jpag.2014.03.004 
Yoo R-E, Cho JY, Kim SY, Kim SH (2013) Magnetic 
resonance evaluation of Miillerian Remnants in 
Mayer-Rokitansky-Kiister-Hauser Syndrome. Korean 
J Radiol 14:233. doi:10.3348/kjr.2013.14.2.233 
Zhang JL, Morrell G, Rusinek H et al (2013a) New 
magnetic resonance imaging methods in nephrology. 
Kidney Int 85:768—778. doi:10.1038/ki.2013.361 
Zhang JL, Rusinek H, Chandarana H, Lee VS (2013b) 
Functional MRI of the kidneys. J Magn Reson Imaging 
37:282-293. doi:10.1002/jmri.23717 


Nuclear Medicine 


Marina Easty and Isky Gordon 


Contents 
1 Tatroductioi ssadst 94 
2 Static Renal Sca eesecireicnienisiarnii 94 
3 Common Indication for DMSA....................05 95 
4 Dynamic Renography................cccccccceseeseeeeee 99 
5 Indications for MAG3 Tc?™ Renography...... 99 
6 Isotope Cystography.................cccccccesceeeeeeeeeeeees 105 
6.1 Direct Radioisotope Cystography (DIC)............ 106 
6.2 Indirect Radioisotope Cystography.............0 106 
7 Functional Imaging in Paediatric 

Nephro-urological Tumours 

and in Paediatric Post-transplant 

Lymphoproliferative Disorder (PTLD).......... 109 
Cone Wi ss socscs ccs esa Soins tabes2 A 110 
RGterene es cusses N E E E 110 


With thanks to Professor Isky Gordon, Consultant 
Paediatric Radiologist (retired), Great Ormond Street 
Hospital for Children NHS Foundation Trust for his 
reproduced input from the 2nd Edition 


M. Easty ( 


) ¢ I. Gordon 


Department of Diagnostic Imaging, Great Ormond 
Street Hospital for Children NHS Foundation Trust, 
Great Ormond Street, London, 

WCIN 3JH, UK 

e-mail: Marina.Easty @ gosh.nhs.uk 


Check for 
updates 


Abbreviations 

CT Computerised Tomography 

DIC Direct isotope cystogram 
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1 Introduction 


Paediatric renal radionuclide imaging is used 
for accurate assessment of renal function and 
the drainage pattern. The increase in functional 
MRI has overtaken radionuclide functional 
assessment in only a small number of establish- 
ments due to the requirement for patient coop- 
eration, reasonably long scanning times and the 
possible need for general anaesthetic in order to 
undertake the MRI study. The availability of 
MRI scanning time also plays a significant con- 
tribution. Static renal scintigraphy with techne- 
tium-99m di-mercapto-succinic acid (Tc-99m 
DMSA) is used to image renal parenchymal 
detail, most commonly to assess for the pres- 
ence of renal scarring following a complicated 
urinary tract infection. 

The dynamic renogram using Tc” mercapto- 
acetyl-tri-glycine (Tc-99m MAG3) is used in the 
assessment of renal function and drainage with 
excellent correlation with renal differential func- 
tion (RDF) assessed on DMSA studies (Ritchie 
et al. 2008). In addition, when the child is conti- 
nent and able to cooperate, an indirect radionu- 
clide cystogram (IRC) to assess for the presence 
of reflux may be performed, thus providing a 
cystogram without catheterisation. The IRC is 
the only physiological method to assess for 
reflux. Occasionally, a low-dose direct isotope 
cystogram (DIC) may be required where fluoro- 
scopic facilities are poor (newer fluoroscopic 
machines with pulsed radiation have very low 
doses, and therefore DICs are now rarely 
required). 

Nephro-urological tumours such as bladder 
and prostate rhabdomyosarcomas may require 
staging by functional imaging using fluorine-18- 
fluorodeoxyglucose positron emission tomogra- 
phy/Computerised Tomography (FDG PET-CT). 
Increasingly, with the availability of new MRI 
hybrid PET scanners, there can be a low-dose 
functional and diagnostic ‘one stop shop’ in the 
assessment of paediatric tumours. 
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2 Static Renal Scan 


Technetium-99m DMSA binds to the proximal 
convoluted tubules of the kidney, with only 
approximately 10% of the tracer excreted in the 
urine. The remaining bound tracer provides an 
unchanging image of functioning renal tissue and 
demonstrates an accurate parenchymal outline. 
The image can be obtained many hours after 
injection, as Tc?™ has a half-life of approxi- 
mately 6 hours. 

The majority of paediatric DMSA scans are 
requested to assess renal parenchymal abnor- 
malities following severe urinary tract infec- 
tion (UTI) (Baumer and Jones 2007). DMSA 
imaging in UTI is a sensitive test to assess the 
appearance of cortical abnormalities, namely, 
inflammatory change in acute infection and 
scarring as a sequel of UTI. Although 
extremely sensitive, the test is not specific. 
Photopenic defects may be seen in dysplastic 
kidneys, with renal masses such as abscess, 
cyst or tumour, post-traumatic or postsurgical 
change (including post angioplasty in children 
with renal artery stenosis), with congenital 
renal variants and also with dilatation of all, or 
part of the renal collecting system. In view of 
this lack of specificity, contemporaneous ultra- 
sound (US) plus clinical information is essen- 
tial. DMSA studies performed acutely to 
assess for UTI are no longer routinely per- 
formed in most of Europe, as clinical assess- 
ment, high-quality modern US and urinalysis 
are likely to lead to a diagnosis. The abnor- 
malities seen on the early scan may be tran- 
sient, and thus a follow-up scan is warranted. 
The radiation burden from a DMSA study of 
0.7-1.0 mSv in children is not insubstantial, 
and therefore a delayed DMSA at least 
4—6 months after the urinary tract infection is 
better recommended to assess permanent renal 
parenchymal abnormalities, rather than both 
early and late studies (Fig. 1) (Mandell et al. 
1997a, b; Piepsz et al. 2001). 
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Fig. 1 Urinary tract infection with defect in acute phase 
with normal final outcome. This 4-year-old girl was being 
investigated for a urinary tract infection; the US was normal. 
The Tc-99m DMSA scan on the left was undertaken 1 week 
after the diagnosis of the urinary tract infection. There are 
multiple defects in the right kidney with a defect in the lower 


3 Common Indication 
for DMSA 


UTI 
Ectopic kidney 
Anatomical variant 
Assessment of dysplastic renal tissue 
Severely dilated kidneys where drainage 
assessment by MAG3 renography is not pos- 
sible and renal differential function (RDF) is 
needed, for example, in posterior urethral 
valves where a MAG3 study may be 
inaccurate 
6. Functioning renal tissue with bilateral renal 
tumours (e.g. stage V Wilms’ tumour), 
where nephron-sparing surgery is indicated 
7. Before abdominal radiotherapy to assess 
renal function and to plan radiation field 
8. Following renal trauma 
9. Pre- and post renal angioplasty in hyperten- 
sive patients with renal artery stenosis 
10. Post renal transplant where there is an unused 
bladder and the risk of UTI is high 
11. Rarely in children with calculi prior to inter- 
vention (Figs. | and 2). 


Soe RS 


Preparation and Sedation Sedation is not used 
in standard DMSA acquisitions as the parents 
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pole of the left kidney. The Tc-99m DMSA scan on the right 
undertaken 6 months later is now normal. Although most 
defects that return to normal do so within the first 3 months 
after urinary tract infection, approximately 15 % will take up 
to 6 months to return to normal (Reproduced from Pediatric 
Uroradiology, 2nd Edition, Fotter) 


assist in immobilisation. Sandbags may be 
placed by the side of the child and Velcro straps, 
or similar means are used to maintain position 
(Fig. 3). The environment should be child- 
friendly, with toys, games and interactive wall 
decorations, ideally with television and film- 
viewing facilities. Trained imaging staff will 
engage children in play and enable quality scans 
without sedation. 


There are a group of children who may require 
a DMSA SPECT Computerised Tomography 
(CT) study, for example, small children with 
bilateral Wilms tumours before nephron-sparing 
surgery. These children usually require a general 
anaesthetic in order to obtain a diagnostic, regis- 
tered SPECT CT dataset. Older children can usu- 
ally lie still by watching films. 


Precautions Tubular defects such as the Fanconi 
syndrome may result in poor renal visualisation 
due to defective binding of the isotope within the 
tubular cell and consequent high urinary 
excretion. If there is a significant urinary tract 
dilatation (UTD), a MAG3 study may be neces- 
sary to give a more accurate RDF, although a 
delayed DMSA image may be useful in this 
situation. 
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Fig. 2 Live-related donor transplant in a 4-year-old boy 
with posterior urethral valves (PUV). The shrunken native 
kidneys are demonstrated above the transplant in the right 
flank. Six views of the transplant kidney are obtained to 
exclude focal defects. The DMSA study was performed as 


Fig. 3 Immobilisation. The child is lying directly on the 
collimator surface as the strengthened perspex bed has a 
hole cut out, thus the child is as close to the camera as pos- 
sible. This clearly improves image quality (see below). The 
child has sandbags attached with Velcro straps on either 
side of the body, thus reducing movement (Reproduced 
from Pediatric Uroradiology, 2nd Edition, Fotter) 


Radiopharmaceutical A dose schedule using a 
minimum dose of 18.5 MBq and a maximum 
dose of 100 MBq scaled on a body surface basis 
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a baseline study as silent UTI’s are common in children 
with abnormal bladder function, such as in boys with 
PUV. The DMSA shows no focal defects and clear inter- 
nal architecture 


is advised (Lassmann and Treves 2014). The 
child can attend the department for anaesthetic 
cream application approximately 45 min prior to 
the study if required. The tracer should be injected 
using a small calibre needle. The effective dose is 
a maximum of approximately 0.9 mSv per exam- 
ination, regardless of the age of the child, provid- 
ing that the dose is selected according to body 
surface area. 


Image acquisition should begin between 2 and 
3 h after tracer injection. The camera should be 
collimator side up, using a high- or ultra-high- 
resolution collimator (Figs. 3 and 4) (Piepsz et al. 
2001). The child should be placed supine on the 
camera face so that a posterior view and both 
posterior oblique views may be obtained. The 
anterior view is required for a congenital variant 
kidney such as a horseshoe, where there is an 
ectopic kidney, when hunting for a ‘missing kid- 
ney’, or when a spinal abnormality such as a sco- 
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Fig.4 Effect of distance on image quality. The two images 
are of the same line bar phantom showing how one may 
degrade the image quality by simply increasing the distance 
between the gamma camera face and the phantom. In the 
image on the left with the phantom on the camera face, the 
lines are clearly seen in all four segments. When the phan- 
tom is placed on the imaging bed | cm above the camera and 
as close to the camera as possible, the lines are clearly seen 
in only three segments (Reproduced from Pediatric 
Uroradiology, 2nd Edition, Fotter) 


liosis may distort the anatomy causing a kidney 
to be more anteriorly positioned. When scanning 
a transplant kidney, the anterior view and both 
anterior and posterior oblique views are required 
due to the superficial position of the transplant 
and possible anatomical distortion due to the 
large donor kidney in a paediatric patient (Fig. 2). 

The computer acquisition set-up should 
include a pixel size between 1.8 and 2.5 mm; this 
can be achieved with a 128x128 matrix plus 
zoom at acquisition or a 256x256 matrix. At 
least 300,000 counts or 5-min counting per image 
is necessary. 


SPECT The use of SPECT for Tc-99m DMSA 
scintigraphy in children has increased over the 
last few years particularly in the assessment of 
congenital renal variants such as cross-fused 
ectopic kidneys and in the renal transplant kid- 
ney. The increased scanning time may lead to the 
need for general anaesthetic for the procedure. 
The amount of administered radioactivity should 
not routinely be increased. 


Processing The differential renal function 
(DRF) is calculated by drawing a region of inter- 
est (ROI) around each kidney, delineated on a 
highly contrasted image. An ectopic kidney, 
such as a pelvic kidney, will require an anterior 
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image in order to calculate the DRF by the geo- 
metric mean, thereby taking into account the 
more anterior position of the ectopic kidney 
(Yapar et al. 2005). 


Interpretation Normal values of DRF are 
between 45 and 55 % uptake. Values outside this 
range may be seen when there is an uncompli- 
cated unilateral duplex kidney, which may 
contribute 57 or 58% to total renal function. 
Values within the normal range may be seen 
with bilateral small kidneys or with abnormal 
kidneys symmetrically affected by disease. UTD, 
as in a pelvi-ureteric junction anomaly, may 
cause ‘supra-normal’ DRF in the affected kidney 
which may persist following surgery, and thus a 
contemporaneous renal ultrasound scan should 
always be assessed when interpreting the image. 


Images Normal appearances include sharp renal 
outlines with clear delineation of the medullary 
pyramids from the higher uptake in the proximal 
tubules (Fig. 5). There are many anatomical 
variants, including flattening and compression of 
the superolateral contour of the left kidney by the 
spleen and more bulbous or pear-shaped kidneys. 
The renal cortex shows more avid uptake than 
the renal medulla. The number and size of the 
columns of Bertin differ from patient to patient 
(variable thickness of the cortical rim) and may 
cause false interpretation of the image. An 
uncomplicated duplex kidney may have a more 
vertical lie, pointing towards the ipsilateral 
shoulder of the patient rather than the contralat- 
eral shoulder as is usual in a simplex kidney. 
Attention should be paid to the presence of foetal 
lobulation, and careful review of the ultrasound 
is essential in order not to misinterpret this as 
scarring. 


When an abnormal pattern is seen, the num- 
ber, size and location of areas of cortical loss 
should be noted. Loss of the outline may or may 
not be present. Differentiation between acute 
lesions, which will improve or disappear, and 
chronic lesions (scars) is not always possible in 
the acute phase of a UTI (Fig. 1). A polar pho- 
topenic area with an intact renal outline will 
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Fig.5 Normal Tc-99m DMSA scan. This 3-year-old was 
undergoing investigation for a urinary tract infection. 
Note the clarity in the outline of both kidneys. The inter- 
nal architecture is clearly seen in both kidneys. For the 
right kidney, this is better on the right posterior oblique 


generally heal; marked localised deformity of 
the outlines or volume loss generally corre- 
sponds to a permanent scar. To assess renal 
scars after UTI, Tc-99m DMSA scintigraphy 
should be performed at least 6 months after 
acute infection. 

Image quality is assessed prior to the child 
leaving the department as poor studies can lead to 
under-interpretation of pathology. Movement 
will cause blurring of the outline of the kidneys 
or a double outline. 

The advantage of Tc-99m DMSA scans is 
the high sensitivity in the detection of paren- 
chymal pathology and quantification espe- 
cially for the ectopic kidney; differential renal 
function is more reliably assessed than with 
the dynamic Tc-99m MAG3. The disadvan- 
tages include the 2 h wait between injection 
and scan, and each image requires approxi- 
mately 5 min to obtain, and therefore techni- 
cians and radiographers with training in 
handling children are necessary. The radiation 
burden is higher than for a Tc-99m MAG3, so 
Tc-99m DMSA is not advocated solely for 
assessment of DRF. In the presence of dilata- 
tion of the renal pelvis, the Tc-99m DMSA 
may accumulate in the pelvis and result in a 
falsely high estimation of the function of the 
hydronephrotic kidney, although supra normal 
values may also be seen in the affected 
kidney. 

In the estimation of DRF, there is close corre- 
lation between the results of Tc-99m MAG3 and 
Tc-99m DMSA (Fig. 6.). If only DRF is required, 
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projection (RPO), while for the left kidney, this is best 
seen on the left posterior oblique projection (LPO) 
(Reproduced from Pediatric Uroradiology, 2nd Edition, 
Fotter) 


then a Tc-99m MAG3, with the lower radiation 
burden, should be performed. 

If the clinical question is whether there is evi- 
dence of scarring following a severe urinary 
tract infection, the DMSA study will be the 
investigation of choice, particularly if there is no 
associated collecting system dilatation. 


Take Away 

Tc?" DMSA scintigraphy is used to assess 
DRF, and internal architecture may be 
demonstrated on a high-quality study. 
Focal parenchymal defects will be detected. 
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Fig. 6 Differential renal function using Tc-99m DMSA 
and Tc-99m MAG3 in the same children. The studies 
were done within 4 weeks of each other. There is close 
correlation between the two tracers (Reproduced from 
Pediatric Uroradiology 2nd Edition, Fotter) 
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The use of dynamic renography has been well 
established; however, quality studies need to be 
performed in the paediatric population, and 
therefore Tc”™ MAG3 studies should be per- 
formed in a child-friendly environment by staff 
experienced in handling children. 

Dynamic renography allows estimation of 
three parameters of renal function: blood flow to 
the kidney; renal clearance (Piepsz et al. 1998; 
Prigent et al. 1999; Rutland 1985), i.e. the 
extraction of a tracer from the blood, when esti- 
mation of relative clearance occurs as in DRF; 
and the drainage function or excretion from the 
kidney. 

Blood flow estimation must be undertaken 
during the first few seconds and is only indi- 
cated following renal transplantation in pae- 
diatric nephro-urology. The native Paediatric 
kidney is too small to estimate the blood flow 
accurately. DRF estimation is best undertaken 
approximately 1-2 min after tracer injection. 
After 2 min, the tracer may already have reached 
the collecting system, thus invalidating the DRF 
estimation. Background correction is particu- 
larly important in estimation of DRF when there 
is asymmetrical renal function or decreased 
overall function. Drainage or disappearance of 
the tracer from the kidney can simply be esti- 
mated by inspecting the renogram time-activity 
curve (TAC): an early peak followed by a rap- 
idly descending phase is typical for normal 
excretion. Delay in excretion is characterised 
by a continuously ascending curve. Several 
techniques have been proposed for quantifying 
the transit of tracer through the kidney. These 
range from simple descriptive parameters such 
as the time to reach the maximum of the curve, 
Tmax, to more sophisticated parameters, such as 
deconvolution analysis, output efficiency (OE)/ 
pelvic excretion efficiency (PEE) (Anderson 
et al. 1997; Chaiwatanarat et al. 1993) or nor- 
malised residual activity (NORA) (Piepsz et al. 
2000). Sufficient information is provided by the 
shape of the TAC and the Tmax to discriminate 
between normal transit (Tmax around 3 min) or 
very delayed transit (Tmax of 20 min). There is no 
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proof that in clinical practice the more sophisti- 
cated techniques can improve the information 
obtained. When dilatation of the collecting sys- 
tem exists, the standard renogram is generally 
characterised by a continuously rising curve, 
reflecting poor drainage of the kidney while 
in the supine position. In cases of dilatation, 
furosemide should be injected (diuretic renog- 
raphy), which increases urinary flow and may 
distinguish between good and impaired drain- 
age; the data acquired post-furosemide must 
include a series following a change of posture 
and micturition (see Post-micturition Images, 
below). 


Tracers Used Tc-99m MAG3 is the tracer almost 
solely used in Europe as it relies on tubular 
extraction. Tc-99m MAG3 has a greater renal 
extraction than Tc-99m DTPA which depends on 
filtration, resulting in a lower background activ- 
ity and a higher kidney to background ratio than 
Tc-99m DTPA. 


The kidney of the young infant is immature, 
and the renal clearance, even corrected for body 
surface, progressively increases until approxi- 
mately 2 years of age. Therefore, renal uptake of 
tracer is particularly low in infants, with a high 
background activity. 


Indications These include all pathology where 
an assessment of DRF and drainage is required. 
Renography in children is almost invariably per- 
formed following diuretic injection which pro- 
vokes diuresis and therefore improves tracer 
drainage from a dilated and capacious collecting 
system. 


5 Indications for MAG3 Tc? 
Renography 


. Pelvi-ureteric junction (PUJ) anomaly 

. Vesicoureteric junction (VUJ) anomaly 

. Drainage in boys with posterior urethral valves 

. Complicated duplex kidneys 

. DRF and drainage of congenital renal variants 
or ectopic kidneys 
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6. Following trauma 

7. Following renal transplantation to assess for 
urinary leak or abnormal drainage 

8. Bladder dysfunction 


There are limitations to renography if renal 
function is poor or if the collecting system is 
dilated and drainage is poor. The drainage image, 
following a change in posture and micturition, if 
possible, will improve drainage with the effect 
of gravity and is an essential component for a 
complete study. There are no contraindications. 
Diuretic administration is avoided if the child 
has pain from an acute obstructive episode, such 
as with a renal calculus. The strengths of 
dynamic renography lie in the ability to rou- 
tinely quantify DRF and drainage; serial renog- 
raphy is also reliable. There is a low radiation 
burden, especially with the use of tubular agents 
such as MAG3. 

The optimal technique includes a well- 
hydrated child prior to the injection of tracer, 
which is accomplished by offering fluids freely 
before the injection. Anaesthetic cream should be 
applied at the injection sites; this requires a 
30—45-min wait for the cream to have its effect 
and so provides an opportunity to ensure good 
hydration. The maximum recommended injected 
activity of Tc-99m MAG3 is 80 MBq, scaled on 
a body surface basis using the EANM paediatric 
dosage card (Lassmann and Treves 2014). The 
minimum recommended injected activity is 
Tc-99m MAG3, 15 MBq (Gordon et al. 2011). 
For Tc-99m MAG3, the effective dose in a 
5-year-old lies between 0.20 and 0.38 mSv or 
around 1-2 months of background radiation in 
London, England, respectively (Stabin and 
Gelfand 1998). 

Images should be acquired with the child 
lying supine on the camera in all circumstances 
except following renal transplantation when the 
scan is done with the camera positioned anteri- 
orly (due to the more anterior position of the 
transplant kidney). Placing the child supine 
reduces movement, and supporting the child 
with sandbags plus straps around the child fur- 
ther stabilises the patient. When possible the 
child should lie directly on the collimator face. 
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The heart, kidneys and bladder are all included 
in the field of view. The heart is important if 
analysis of the renogram will use the curve from 
the cardiac ROI (see below). The blood flow 
phase requires a rapid frame rate (0.5 s/frame for 
40 s). A rate of one frame every 10 or 20 s is sug- 
gested for the standard and diuretic renogram. 
The DRF estimation is independent of frame 
time and will be the same using either 10 s or 
20 s frames. The duration of the study should be 
a minimum of 20 min. 

Diuretic administration using furosemide 
should be | mg/kg with a maximum dose of 
20 mg. There are various regimes for the timing 
of furosemide administration; however, we 
favour administration soon after tracer injection 
in case venous access is lost later in the study. 
Post-furosemide acquisition parameters should 
use the same frame rate, zoom factor and matrix 
size as for the renogram. 


Post-micturition (PM) Images The renogram 
is obtained with the patient in the supine posi- 
tion; thus, gravity has not had its normal effect. 
To allow the renogram to be analysed including 
the effect of gravity, the infant should be placed 
erect (on the carer’s shoulder for 5 min), or the 
older child should be allowed to walk around 
the play area and be sent to the toilet to void. 
Following the administration of furosemide, 
almost all infants and children will void during 
this period. Following the void or the waiting 
period, the child should return to the gamma 
camera, and data should be acquired for 1 min 
in exactly the same way as for the renogram. 
For consistency, PM images should be acquired 
within 60 min after the injection of tracer. Each 
institution should ensure that there is an attempt 
to standardise the entire renogram including 
the time of the post-micturition image. This 
will allow for comparison with sequential stud- 
ies as well as comparison between different 
children. 


To analyse the renogram data from the 
images, the curves as well as the numerical data 
derived from the curves must be used together. 
Three parameters can be estimated: blood flow 
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(only done for renal transplants), DRF and 
drainage. 

Both renal and background ROIs should be 
drawn on all acquisition data; background ROIs 
should be perirenal, including the upper, outer 
and inferior aspects of the kidney. In the presence 
of gross pelvic dilatation in the young infant, a 
complete perirenal background may not be pos- 
sible since the kidneys may extend to the edge of 
the body contour. In such circumstances, a back- 
ground ROI above and below the kidney might be 
the best compromise. Background-corrected 
curves should be created for each acquisition 
series and used for analysis. 

Images should include a summed image of all 
the frames during the clearance or uptake phase, 
i.e. 60-120 s after the peak of the cardiac curve 
(vascular phase). This image reflects the regional 
parenchymal function and may allow the detec- 
tion of regional abnormalities. Differential func- 
tion should be visually assessed on this image 
and compared to the DRF estimated from the 
curves to ensure that there is congruity of results. 
In addition, a series of timed images over the 
duration of the study should be created. The opti- 
mum is to combine frames into l-min images 
covering the duration of the study, including the 
PM images. All images, including the post- 
diuretic and PM images, should be displayed 
with the same scaling factor. Functional images 
during the early phase may be useful, especially 
if one can create an image of pure proximal tubu- 
lar function using a tubular agent, as this may 
allow focal parenchymal abnormalities to be seen 
more easily than on a summated image (giving an 
image similar to a posterior view from a DMSA 
study). 

Blood flow estimation is analysis of the 
images where one looks for the appearance of 
tracer in the kidney relative to the aorta (Figs. 7 
and 8). Numerical estimation is to quantify the 
activity in the kidney relative to either the per- 
centage of cardiac output or the activity arrival in 
the aorta or iliac vessel. This is still performed in 
renal transplant patients, more frequently now 
with MAG3 rather than DTPA. 

Quantification should include DRF, the rela- 
tive function of each kidney expressed as a 
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percentage of the sum of the right and left 
kidneys. It is computed between 60 and 120 s 
from the peak of the cardiac (vascular) curve. No 
renal depth correction is required in children. 
The International Scientific Committee on 
Radionuclides in Nephrourology has recom- 
mended either the integral method or the Patlak- 
Rutland plot method. The integral method uses 
the area under the background-corrected reno- 
grams, representing the cumulative uptake during 
the selected time interval (Fig. 9). The Patlak- 
Rutland plot method is the mean slope of the 
ascending portion of the curve plotting the 
background-corrected kidney ROI counts [R (t)] 
divided by the cardiac ROI counts [H (t)] as a 
function of the integral of the cardiac ROI counts 
divided by [H (t)] (Fig. 10). 

For the estimation of excretion or drainage, 
numerous methods have been proposed. The sim- 
plest method is inspection of the curve: normal 
excretion (early peak with a rapidly descending 
curve) as well as slightly delayed excretion is 
readily distinguished from very abnormal excre- 
tion (continuously rising curve). Adequate 
assessment of the response to the diuretic must 
include the analysis of the PM images and also 
take into account the function of the kidney. This 
can be achieved by expressing the activity in the 
PM image as a percentage of the activity taken up 
at 2-3 min or as a ratio of the radionuclide taken 
up by the kidney, giving the pelvic excretion effi- 
ciency (PEE) (see Fig. 11). There are, however, 
no cut-off values available to differentiate 
between partial and poor emptying. Assessment 
of the diuretic response must be clearly distin- 
guished from the interpretation of the result. 
Simple analysis of the post-diuretic curve is inad- 
equate (Reproduced from Pediatric Uroradiology, 
2nd Edition, Fotter). 

Normal DRF values are between 45 and 
55% uptake. DRF values within the normal 
range will be seen where there is bilateral, sym- 
metrical renal damage or in the presence of 
chronic renal failure. Values outside this normal 
range may be seen when there is an uncompli- 
cated unilateral duplex kidney as well as in uni- 
lateral renal damage. The function of an ectopic 
kidney will be underestimated on dynamic 
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Blood flow images @ 2.5 sec each 


Functional image between 
60-120 seconds representing 
glomerular filtration 


Fig. 7 Normal Tc-99m DTPA renogram in a 6-year-old 
boy 4 days after a renal transplant. The eight images at 
upper left (labelled 5-12) represent the blood flow phase 
after the bolus injection of tracer. The aorta is just visible 
on the first frame but easily identified on the second 
frame; the kidney is clearly seen on the second frame rep- 
resenting good perfusion. The 12 images at top right are 
summated images over 18 min; each image represents 


renography: correct evaluation requires a 
Tc-99m DMSA scan with both posterior and 
anterior images. Images may show a focal renal 
defect on early images: dilated calyces and 
renal pelvis or a dilated ureter may be evident. 
Comparison between the renogram and PM 
images is important to assess the effect of a 
change of posture and micturition (Fig. 12). 
Adequate hydration is important; this is read- 
ily achieved by including the need for good fluid 
intake in the information letter received prior to 
the study. Furthermore, since an anaesthetic 
cream is applied to many children and this takes 
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1 min. Note how the isotope moves from the renal paren- 
chyma on the early images into the calyces and finally into 
the pelvis. The image at lower left is the functional image 
during the period 60-120 s, which, when using Tc-99m 
DTPA, represents glomerular filtration; this is normal. 
The renogram curve shows minimal delay in drainage. 
This is a normal study (Reproduced from Pediatric 
Uroradiology, 2nd Edition, Fotter) 


up to 45 min to be fully effective, there is a sec- 
ond opportunity to encourage oral fluid intake. 
Infants could receive an additional feed, while 
older children could be encouraged to drink flu- 
ids (250-500 ml). The interpretation of impaired 
drainage is debated, and its relationship to sur- 
gery does not meet universal agreement. 
Advantages of Tc-99m MAG3 renography 
include the ability to quantify DRF reliably, 
assess parenchymal abnormalities, visualise the 
collecting systems and assess drainage. The high 
extraction by the kidneys from the blood gives a 
low background and thus facilitates the analysis 
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1 minute images over 20 minutes 


Fig. 8 Four days after renal cadaveric transplant in a 
3-year-old boy with no urine output due to clot obstruction 
at the lower end of the ureter. The ultrasound examination 
including power Doppler was normal (not shown). The 12 
images on the left represent the blood flow phase after the 
bolus injection of tracer. The aorta is seen on the third 
frame; the kidney is seen with difficulty on the fourth and 
fifth frames, showing that perfusion is present but reduced. 
The images on the right are 1-min images over the 20-min 
study; there is progressive increase in the kidney with no 
isotope in the bladder by the end of the 20-min period. This 
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Fig.9 Integral technique for estimation of DRF 


of the infant’s kidneys and also reduces the radia- 
tion burden. It allows physiological assessment 
of the bladder and the collecting systems when an 
indirect radionuclide cystogram (IRC) is under- 
taken. The disadvantages include the fact that the 
child should lie still for 20 min and that move- 


is reflected in the progressively rising curve. These fea- 
tures could represent acute tubular necrosis (ATN) or an 
acute obstruction; however, in this clinical situation where 
there was haematuria (no clots), a diagnosis of clot obstruc- 
tion was suspected and proved on an antegrade study. In 
ATN one would expect better perfusion and filtration than 
is seen in this child. The clinicians were anxious that the 
cause of the loss of urine output was renal artery and 
venous pathology. This study not only excluded the possi- 
bility but also suggested the true cause (Reproduced from 
Pediatric Uroradiology, 2nd Edition, Fotter) 
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Fig.10 Patlak plot technique for estimation of DRF 


ment makes analysis more difficult. There is con- 
troversy in the interpretation of the diuretic 
response; this is not the fault of the technique, 
however, but rather shows the difficulty of having 
an appropriate reference technique to judge infant 
renal pelvic dilatation. 
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Fig. 11 Pelvic excretion efficiency (PEE). Unilateral 
PUJ hold-up in a 12-month-old boy with prenatal diagno- 
sis of unilateral hydronephrosis found postnatally to have 
isolated right pelvic dilatation with good drainage. The 
diuretic Tc-99m MAG3 renogram with furosemide 
injected 2 min after the Tc-99m MAG3. One-minute 
images for the duration of the study including the post- 
micturition image at 40 min shows good function of both 
kidneys (DRF left 53 %, right 47 %), with normal drainage 
on the left and poor drainage on the right until 20 min, but 
the post-micturition image shows little isotope in the renal 
pelvis. (b) The background subtracted renogram curves 
over the entire study show good uptake by both kidneys 


Fig.12 Value of post- 
micturition image series. 
Tc-99m MAG3 diuretic 
renogram with consecutive 
images over 20 min is 
shown. Both kidneys show 
prompt uptake of tracer 
with poor drainage by 

20 min. The post- 
micturition image at 40 min 
(M) reveals little tracer in 
the renal pelvis on both 
sides. Note the bladder is 
also now empty. This was 
reflected in the curves and 
numerical analysis (PEE) 
(Reproduced from Pediatric 
Uroradiology, 2nd Edition, 
Fotter) 


Diuretic renogram 


including the Post- 
Micturition view at 
40 minutes 


Note how there has been 
complete emptying 
of both collecting 
systems simply by 
adding this one 
additional series 
(see text fot 
details). 


and good drainage on the left. The right renal curve is 
almost flat from approximately 5 min onward. (c) These 
curves represent the principle of the PEE. The two lower 
curves represent the actual activity in each kidney over the 
duration of the study. The upper curves start with the 
actual curves but are then extrapolated as if nothing left 
the kidney for the duration of the study, i.e. as if the kid- 
neys were completely obstructed. The difference between 
the upper and lower curve for each kidney then represents 
the amount of isotope, which has come into the kidney 
and has left the kidney. As seen in these curves, there is 
very good drainage from both kidneys despite the rather 
flat curve of the right kidney in Fig. 9b 
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Take Away 

Dynamic renography assesses renal blood 
flow, differential function and drainage. A 
post-micturition image is an essential com- 
ponent of the study. Full analysis includes 
images, numbers and curves. 


6 Isotope Cystography 


The voiding cystourethrogram (VCUG) is the 
reference technique for vesicoureteric reflux 
(VUR), yet VUR may be seen on one examina- 
tion and not another. Figure 13 demonstrates how 
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Fig.13 (a-d) A 5-year-old girl followed up for recurrent 
urinary tract infections. Tc-99m MAG3+IRC with inter- 
mittent VUR. (a) Images 0-18 min of the dynamic 
Tc-99m MAG3 renogram showing good uptake by the 
right kidney and good drainage. There is reduced function 
in the left kidney (23% of overall function) with only 
moderate drainage by 18 min. (b) The functional image 
from the Tc-99m MAG3 renogram shows the damaged 
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one may see VUR bilaterally in a child at one 
moment and a short while later find unilateral 
VUR suggesting the transient nature of reflux. All 
children and their parents find bladder catheteri- 
sation unpleasant, and it should be avoided if pos- 
sible. In older children, it can cause both 
psychological and physical trauma. A reliable 
and accurate, non-traumatic way to assess VUR 
is provided by the indirect radionuclide cysto- 
gram (IRC). 

There are at least four different methods for 
undertaking cystography in children; only the 
IRC with Tc-99m MAGS3 precludes bladder cath- 
eterisation and is wholly physiological. In toilet- 
trained children, the IRC is the method of choice 
to detect VUR. 


left kidney to better advantage. (c) The first micturition of 
the IRC shows complete bladder emptying with isotope 
refluxing into the left kidney before micturition and into 
the right kidney with micturition. (d) The second micturi- 
tion 30 min later again shows complete bladder emptying 
with reflux only into the left kidney during micturition 
(Reproduced from Pediatric Uroradiology, 2nd Edition, 
Fotter) 
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6.1 Direct Radioisotope 


Cystography (DIC) 


The use of DIC (Mandell et al. 1997a) in female 
infants (<1 year of age) with a severe UTI and a 
normal ultrasound has dwindled due to the 
marked reduction in radiation burden from fluo- 
roscopic VCUG. 

The advantages of the DIC are its high sensi- 
tivity for VUR because of continuous monitor- 
ing and low radiation exposure: the effective 
dose is approximately 0.3 mSv. The disadvan- 
tage is that bladder catheterisation is required 
and the anatomy and grading of VUR may be 
difficult, although with a contemporaneous 
ultrasound, the anatomy should be correctly 
interpreted. 

The technique and procedure are similar to 
conventional VCUG (Fig. 14). Following bladder 
catheterisation, Tc-99m pertechnetate (20 MBq) 
is instilled followed by warm normal saline until 
the bladder is full, when micturition should occur. 
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Fig. 14 Direct isotope cystogram with VUR. A 
15-month-old boy with prenatal diagnosis of unilateral 
hydronephrosis. Postnatally the only abnormality was 
right VUR on VCUG. This follow-up cystogram at 
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The entire procedure is carried out with double 
disposable diapers on the infant who is lying on 
top of the gamma camera linked to a computer 
system. Both renal areas and the bladder are kept 
in the field of view (Godley et al. 1990; 
Kuzmanovska et al. 1996). 


Take Away 

The DIC is a low-radiation technique to 
identify VUR; however, its use is falling 
out of favour due to a reduced radiation 
burden in fluoroscopic VCUG. 


6.2 Indirect Radioisotope 


Cystography 


Indirect radioisotope cystography (IRC) may 
be undertaken in any child who is toilet trained 
and cooperative (van der Vis-Melsen et al. 
1989). The IRC is done following a dynamic 
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15 months of age shows ongoing right renal reflux in the 
filling phase of this DIC (Reproduced from Pediatric 
Uroradiology, 2nd Edition, Fotter) 


Nuclear Medicine 


renogram whenever the child wishes to void. 
All children are adequately hydrated for the 
renogram and are offered drinks freely follow- 
ing the dynamic study so that most children do 
not require encouragement to void. Of note, 
furosemide is not given to promote diuresis 
unless there is a very dilated collecting system. 
Micturition takes place in front of the gamma 
camera. If at the end of micturition isotope is 
still noted in the bladder or kidneys, then the 
child should be offered more to drink and asked 
to return to the gamma camera room when he 
wishes to void again. A quiet room with few 
additional people and adequate privacy screens 
helps for a short successful examination. This 
is a physiological study that does not require a 
bladder catheter. 


Detection of VUR An increase of activity in 
the kidney during the study indicates VUR. The 
filling phase of the bladder, studied with VCUG 
or DIC, cannot be studied with IRC. Thus, 
VUR present only in the filling phase will be 
missed by IRC. VUR is an intermittent phe- 
nomenon for which the incidence varies even 
using the same examination on different occa- 
sions (Fig. 13.) Evaluating any technique for 
the detection of VUR will remain difficult 
since there is no absolute reference method. 
There is agreement that IRC is contributory 
only when positive, whereas a negative exami- 
nation cannot exclude VUR. This argument 
holds true, however, for all cystogram tech- 
niques. IRC is a valuable screening technique 
for the detection of reflux reaching the kidney 
and observation of physiological micturition; 
this is especially important when one is dealing 
with a difficult case, e.g. the older girl with 
recurrent UTI who has a normal ultrasound 
examination, normal Tc-99m DMSA, but 
remains symptomatic and may have bladder 
dysfunction (Figs. 15 and 16). 


Indications for IRC include whenever VUR 
must be excluded in the toilet-trained older child 
(Figs. 13, 15 and 16); ureteric dilatation, again in 
the toilet-trained older child; potentially in older 
children with known bladder dysfunction (includ- 


107 


Fig. 15 IRC for recurrent urinary tract infection in a 
4-year-old girl. VUR into right kidney is noted on this IRC 
despite the fact that there was no micturition. This sug- 
gests the diagnosis of an unstable bladder that was con- 
firmed on further investigation (Reproduced from 
Pediatric Uroradiology, 2nd Edition, Fotter) 


ing posterior urethral valve) (Dinneen et al. 
1994); and girls with recurrent UTI and normal 
ultrasound and Tc-99m DMSA scans, in whom 
the entire nephro-urological system can be 
evaluated. 

The strength of the IRC lies in the fact that the 
procedure has a low radiation burden; there is no 
increase in radiation dose above the routine 
renogram. Encouraging voiding will reduce the 
radiation burden since the bladder is the target 
organ. The Tc-99m MAG3 + IRC provides infor- 
mation about renal function and drainage with a 
full and empty bladder and also permits assess- 
ment of bladder function. When bladder dys- 
function is suspected, this is the only 
physiological cystogram as it does not entail 
bladder catheterisation. 

The weakness of IRC includes the need for 
the child to be toilet trained. Renal and upper ure- 
teric reflux will be detected, but only the voiding 
phase of micturition is examined. When there is a 
high urinary flow rate, as seen after the adminis- 
tration of a diuretic, renal reflux may not be 
detectable. In the context of hydronephrosis or 


a MAG3 Indirect Cystogram 


Fig. 16 Bilateral VUR prior to micturition, first on the 
left and then on the right. (a) The images are of 5-s dura- 
tion; the left kidney is seen on the first image, but on the 
second there is little activity in the kidney. The activity 


hydroureter, reflux into a dilated, poorly draining 
system may be difficult to evaluate. Anatomical 
detail of the vesicoureteric junction is poor. The 
urethra is not demonstrated. The presence of a 
low or ectopic kidney makes the detection of 
VUR difficult or impossible if the kidney lies 
completely or in part behind the bladder. This is 
the case in transplant kidneys, and therefore the 
IRC is not helpful in detecting VUR in these chil- 
dren (unless there is an intraperitoneal kidney, 
transplanted into the very young child, rather 
than the more routine transplant into the iliac fos- 
sae in the older child). Comparison studies 
between IRC and either VCUG or DIC show 
variable results, with many institutions having a 
close correlation and others unable to achieve 
agreement. 


Method After the routine Tc-99m MAG3 study 
for 20 min, the child is asked to return to the wait- 
ing room until they need to void. On return to the 
gamma camera room, the child voids when she is 
in front of the camera, which has been turned to a 
vertical position (the child sits on a commode 
with their back to the camera). Although boys 
prefer to stand erect, they should be encouraged 
to sit with their back to the gamma camera so as 
to reduce movement to a minimum during mictu- 
rition. Acquisition should include a 30 s period 
both before and after micturition. The data should 
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b MAGS Indirect Cystogram 
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Bilateral renal reflux prior to micturition 
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however becomes obvious again by 20 s. (b) The curves 
show that the VUR is more marked into the left kidney 
than into the right kidney (Reproduced from Pediatric 
Uroradiology, 2nd Edition, Fotter) 


be collected on a computer with a fast frame rate 
of 1 frame/s. The processing includes viewing, 
regrouping the data into 5 s frames, and review- 
ing this data in both cine mode as well as drawing 
ROI over the bladder and kidneys and generating 
curves from these ROIs. In addition, a com- 
pressed image of the raw data should be created. 
The diagnosis of VUR should only be made when 
there is a clear increase in activity in the renal 
areas. If the curves suggest an increase in activity, 
then this must be seen either on the cine or com- 
pressed images or both. Noting only an increase 
on the curves is not sufficient to diagnose VUR 
as movement may be the cause of false abnormal 
curves. 


There are no contraindications to IRC; how- 
ever, caution should be exercised in excluding 
VUR when there is dilatation with poor drainage 
of the upper tracts. Also in the presence of a 
pelvic transplant kidney or a low ectopic kidney, 
the full bladder may obscure the kidney. 


Take Away 

No bladder catheterisation is required for 
the IRC. The Tc-99m MAG3-IRC study 
assesses renal function, bladder function as 
well as VUR in a physiological fashion. 
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7 Functional Imaging 
in Paediatric Nephro- 
urological Tumours 
and in Paediatric Post- 
transplant 
Lymphoproliferative 
Disorder (PTLD) 


Wilms’ tumour is the second most common pae- 
diatric solid tumour. Prognosis is good although 
higher stage disease carries significant mortality 
and treatment-related morbidity. DMSA SPECT 
CT may be useful in the assessment of functional 
renal tissue prior to nephron-sparing surgery 
(Fig. 17). 

F-18-Fluorodeoxyglucose positron emission 
tomography/computerised tomography (FDG 
PET-CT) in Wilms’ tumour is not usually per- 
formed; however, it may occasionally be useful 
in high-risk cases or in children with bilateral 
disease (Begent et al. 2011). FDG PET-CT is 
now indicated in staging and follow-up of pros- 
tate and bladder rhabdomyosarcoma (Eugene 
et al. 2012). Imaging using FDG PET-MRI will 


Fig. 17 DMSA SPECT CT in a 2-year-old child with 
nephroblastomatosis who may be a candidate for nephron- 
sparing surgery following chemotherapy. The SPECT 
DMSA was done prior to chemotherapy to assess the 
DRF. Contrast was administered for the low-dose CT 
study to delineate the vascular anatomy in relation to the 
kidneys distorted by the perilobar nephroblastomatosis. 
The coronal reformat demonstrates better function in the 
left kidney 


109 


further improve the staging of these paediatric 
malignancies. 

PET studies involve relatively high radiation 
burdens, ranging from around 8 to 13 mSv for a 
whole-body examination (Alessio et al. 2009). 
They require the child to stay still during both the 
PET dataset and the CT component, and thus 
general anaesthetic is required for the majority of 
cases due to the young age of patients with 
rhabdomyosarcoma. 

Post-transplant lymphoproliferative disease 
(PTLD) is seen in between | and 10% of all 
paediatric renal transplant recipients (Shroff 
and Rees 2004). It is an unusual entity that has 
many features of an immune system malig- 
nancy. It is characterised by uncontrolled prolif- 
eration of lymphoid cells, typically B cells, ina 
context of post-transplant immunosuppression. 
In some situations, reducing the immunosup- 
pression can reverse this proliferation, thus dif- 
ferentiating it from truly irreversible 
malignancies (Cleper et al. 2012). Most PTLD 
cases have a strong relationship with Epstein- 
Barr virus (EBV). The single most important 
risk factor for PTLD is the lack of previous 
exposure to EBV in the transplant recipient, 
with seronegativity conferring a threefold to 
33-fold higher risk of developing PTLD. Clinical 
presentation is variable, but an acute illness with 
malaise, fever, weight loss and lymphadenopa- 
thy within a year of transplant, particularly 
where a seronegative recipient received a sero- 
positive kidney, is acommon scenario. Diagnosis 
rests on assessment of viral DNA load in the 
blood and biopsy of an area of disease. Viral 
load monitoring is therefore routine following 
renal transplantation in a child. The usual imag- 
ing modalities of US, MRI and CT are utilised 
to assess and stage PTLD; however, in complex 
or unusual disease, 18F-FDG PET-CT imaging 
may be an essential step in diagnosis and stag- 
ing, particularly when a site for biopsy is not 
forthcoming from usual cross-sectional imaging 
modalities. Adolescent renal transplant recipi- 
ents who were EBV-naive recipients have a 
slightly worse outcome than younger children 
with PTLD. 
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Take Away 

FDG PET-CT and, increasingly, FDG PET- 
MRI functional imaging have a role to play 
in diagnosis, staging and treatment options 
in nephro-urological malignancies and 
PTLD following renal transplantation. 


~ Conclusion 

Functional imaging of the renal tract is still 
the most common reason for a child to be 
referred to the nuclear medicine department. 

Imaging of the kidneys to assess DRF and 
the extent of renal parenchymal damage by 
Tc-99m DMSA and Tc-99m MAG3 renogra- 
phy to determine DRF and drainage patterns 
in dilated renal collecting systems are the 
most common reasons to request nephro-uro- 
logical studies. The IRC is extremely useful in 
the assessment of VUR in the toilet-trained 
child. 

Hybrid imaging is increasingly being 
used in staging nephro-urological tumours 
in children, and this will increase in the 
future, with PET-MRI imaging providing a 
‘one stop shop’ for functional nephro-uro- 
logical imaging, with a reduction in radia- 
tion burden. In all radioisotope studies in 
children, training in handling children, 
immobilisation techniques and attention to 
detail in image processing are essential in 
order to provide exquisite, easily interpreta- 
ble functional studies. 
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Video Urodynamics 


Erich Sorantin, Katrin Braun, and Richard Fotter 


Contents 1 Introduction 
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In several conditions of the lower urinary tract, 
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a combined anatomical and functional assess- 
3 Findings, Applications, and Indications....... 115 ment is essential. Video Urodynamics (VUD), 
Referen Suae i i 116 a combination of urethrocystometry and void- 
ing cystourethrography (VCUG), fulfills these 
requirements. The combination of these two 
methods dates back to the 1950s and underwent 
further development during the following decades 
(Enhornig et al. 1964; Bates et al. 1970; Hinman 
and Earl 1979; Marks and Goldman 2014). Until 
the 1980s there was no widespread utilization 
(Marks and Goldman 2014). The name was given 
since an analog portable fluoroscopy unit (C-arm) 
was used in combination with an oscilloscope for 
pressure recordings. Using appropriate electronic 
devices, both signals (fluoroscopy and pressure 
recordings) could be displayed on the same 
screen — hence the name Video Urodynamics 
(Marks and Goldman 2014). 
Basically a double lumen catheter is placed 
within the bladder for contrast medium instilla- 
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For assessment of the sphincter and pelvic floor 
activity, skin electrodes are placed on the perineum 
in order to obtain electromyography (EMG) trac- 
ings. Additionally the volume of contrast medium 
as instillation to the bladder is recorded. All sig- 
nals are connected to a PC interface; the software 
allows displaying all signals and images simulta- 
neously. It is the author’s personal experience that 
fluoroscopy time is not increased as compared to 
VCUG. Figure 1 displays — as an example — the 
tracings of an unstable bladder, thus depicting the 
basic urodynamic patterns. 

The procedure sounds rather complicated but 
the opposite is true — it is basically simple. The 
only thing to consider is that information from 
both modalities (fluoroscopy and urodynamics) 
has to be aggregated into one report. For example, 
VUD enables detection of vesicoureteral reflux 
(VUR) episodes during the filling phase caused 
by unstable contractions — thus enabling identifi- 
cation of treatable conditions which otherwise 
can hardly be detected. 


Fig. 1 Time on the x-axis from left to right; VUD record- 
ings correspond to different colored lines — green intra- 


vesical pressure, red intra-abdominal pressure, pink 
detrusor pressure (equals intravesical pressure minus 
intra-abdominal pressure), blue EMG activity, and gray 
installed volume. As it can be seen at the end of the filling 
(right side of the image), there are spikes at the pressure 
recordings of the intravesical pressure as well as detrusor 
pressure (marked by pink arrows); intra-abdominal pres- 
sure does not change during these episodes. This is a typi- 
cal pattern of unstable detrusor contractions. At micturition 
EMG tracings exhibit massive sphincter activity (blue 
upward arrow) — thus representing sphincter detrusor dys- 
synergia. Final diagnosis: unstable bladder and sphincter 
detrusor dyssynergia during micturition 
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2 The Procedure 


In the beginning of the study, all catheters are put 
in place and pressure transducers getting cali- 
brated. In addition, a check for correct transmis- 
sion of fluoroscopy images is necessary. Pressure 
and EMG recordings are continuous, whereas 
pulsed fluoroscopy is used intermittently espe- 
cially in episodes of detrusor contractions and 
voiding — the images are last-image hold captures 
to be stored together with all the other data and 
recorded information. A paper towel is put 
between the legs of the patient in order to assess 
urine loss. During micturition uroflow is recorded 
in addition and residual volume estimated either 
by fluoroscopy or ultrasound. At the end of the 
examination, bladder catheter removal is used for 
execution of a “pull-through measurement” in 
order to determine the urethral pressure profile. 
Figure 2 depicts findings in a child with neuro- 
genic bladder. 


Fig. 2. VUD from a child with imperforate anus, intra- 
spinal lipoma, and neurogenic bladder. As in Fig. 1 — 
green line intravesical pressure, red intra-abdominal 
pressure, pink detrusor pressure, and blue uroflow and 
sphincter activity; black arrows mark the saved fluoros- 
copy images. As it can be seen at the end of the filling, 
there are unstable detrusor contractions (pink arrows) and 
a burst in sphincter activity (oblique blue arrows). At 
voiding (horizontal blue arrow) massively increased 
sphincter activity is depicted. The concomitant acquired 
fluoroscopy images did not exhibit VUR in these phases. 
Final diagnosis: neurogenic bladder, contractile detrusor, 
and sphincter detrusor dyssynergia during micturition 
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3 Findings, Applications, 
and Indications 


The findings are composed of two aspects — those 
from the urodynamic study and those from VCUG. 

Parameters that can be obtained from the uro- 
dynamic study are: 


e Detrusor pressure: difference of intravesical 
and rectal (intra-abdominal) pressure 
— Estimated during filling, micturition, and 

during unstable contractions 

e Compliance: equals volume change by pres- 
sure change — AV/Ap 

e Safe storage volume: filling volume where 
intravesical pressure is lower than 40 cm H,O, 
since in higher values damage of the upper 
urinary tract, particularly the renal paren- 
chyma, is more likely 

e Leak point pressure: the detrusor pressure in 
the moment where passive urine loss occurs 
(sphincter weakness incontinence) reflects 
passive urethral resistance 

e Frequency, time point of occurrence, and pres- 
sure gradient of unstable detrusor contrac- 
tions: per definition detrusor contractions are 
counted if pressure gradient changes by 
10 cm H,O from baseline. This is particularly 
important during VUR episodes 

e Detrusor pressure during voiding: together with 
an increased activity at the electromyographic 
tracings, sphincter detrusor dyssynergia can 
be diagnosed in combination with a typical 
appearance at fluoroscopy, where the external 
sphincter is closed 

e Uroflow and urethral pressure profile 


The features obtained by fluoroscopy are: 


e Bladder wall contour morphology — smooth, 
trabeculated, diverticulum 

e Possibly persisting/recanalized urachus 

e Behavior of the bladder neck 

e VUR episodes and assessment of the vesico- 
ureteral angle 
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e For definition of the leak point pressure: dem- 
onstration of urine loss in addition to wetting 
of the paper towel between the patient’s legs 

e Sphincter detrusor dyssynergia during voiding 

e Inability to void due to passive sphincter 
obstruction: even low-amplitude sphincter 
fasciculations lead to sphincter muscle hyper- 
trophy, which acts as a barrier in patients with 
only weak detrusor contractions 

e Estimation of residual post-void volume (if 
not measured by ultrasound) 

e Pelvic floor palsy 


Conclusion and Take Away 

VUD is the combination of VCUG with 
pressure/flow/electromyographic studies of 
the lower urinary tract. It is the gold stan- 
dard for the assessment of children with 
neurogenic bladder dysfunction and only a 
second-step study in children with non- 
neurogenic bladder sphincter dysfunction 
(voiding dysfunction). 


All the abovementioned diagnostic markers 
have to be aggregated into a conclusive report, 
thus delivering all relevant information for further 
patient management. According to our experi- 
ence and that of others, VUD is the gold standard 
for investigating children with neurogenic blad- 
der, whenever and wherever it is available. For 
children with non-neurogenic bladder-sphincter 
dysfunction, VUD only is a second-step inves- 
tigation. VUD should be performed in cases 
where a (“modified”) VCUG study is indistinct 
or when complex dysfunctional patterns can be 
expected from (e.g., non-neurogenic/neurogenic 
bladder dysfunction), which need comprehensive 
and complex management (see also chapters 
“Urinary Problems Associated with Imper- 
forate Anus”, “Epispadias-Exstrophy Complex”, 
“Non-neurogenic Bladder-Sphincter Dysfunction 
(“Voiding Dysfunction’), and “Neurogenic 
Bladder in Infants and Children”). 
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1 Introduction 


Reports in uroradiology should be well struc- 
tured with a systematic description of normal 
findings and potential pathology. Reports have to 
be understandable by all physicians who may 
have to manage children with urologic or nephro- 
logic disorders. To achieve this goal, terms have 
to be standardized and accepted by the medical 
community in general. The European Society of 
Pediatric Radiology uroradiology task force is 
currently working on harmonizing and standard- 
izing uroradiologic terminology in cooperation 
with European urologists and nephrologists. 

Whatever the imaging modality, a classical 
report should include a description and eventually 
an interpretation; the description should address 
the following items (if applicable): 


¢ Number, location, size 

e Renal parenchyma morphology 

e Potential dilatation of urinary cavities 

e All relevant bladder features including ostia 
and distal ureters, and (if applicable) the ure- 
thra, the perirenal and perivesical space need 
to be included 
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2 How to Report 
2.1 General Consideration 


When referring to the anatomy of the urogenital 
tract, the natural flow of urine from the kidney to 
the urethra has to be considered. Proximal means 
close to the arriving urine unlike distal which 
means downstream. For example, the proximal 
ureter is close to the kidney, whereas the distal 
part is close to the bladder. Furthermore, the 
terms used in the report should be consistent, and 
a standardized fashion including relevant mea- 
surements should be respected. 


2.2 Number of Kidneys 

Usually two kidneys are present. In case of a soli- 
tary kidney, the term renal agenesis should be 
avoided as imaging cannot determine the cause 
of the missing kidney (shrinkage or renal agene- 
sis) or Some remnants may not be depictable. The 
radiological absent kidney may correspond to a 
real renal agenesis or more often results from an 
involution of dysplastic kidney tissue or an ecto- 
pic renal bud difficult to visualize (Zaffanello 
et al. 2009). In this context, ipsilateral Miillerian 
or Wolffian anomalies are frequently associated. 
Therefore, genital abnormalities have to be 
screened and reported. 

Supernumerary kidneys are exceptional. The 
supernumerary kidney is a definitive accessory 
organ with its own collecting system, blood supply, 
and distinct encapsulated parenchyma. It should 
not be confused with a duplex kidney which is 
much more frequent. A duplex kidney corresponds 
to arenal unit with a single capsule, containing two 
pyelocalyceal systems associated with either a sin- 
gle or double ureters. In case of two ureters, a com- 
plete duplicated (separated) set of ureters can be 
observed with two ureterovesical junctions and 
ostia, or the ureters can fuse (anywhere) on its 
course and drain by a single ostium. The former 
malformation is called duplicated ureter and is 
often associated with disease; the latter is called 
bifid ureter and is often just an anatomic variant. If 
a parenchymal renal bridge is present without 
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pyelocalyceal dilatation and without vesical abnor- 
mality, ultrasound (US) is generally not able to dif- 
ferentiate both entities, except if the two ostia (with 
two separate urinary inflow jets) can be depicted. 

The term double kidney has an unclear mean- 
ing and should be avoided. 


2.3 Location of Kidneys 

Kidneys are normally located in the lumbar fos- 
sae. Embryologically, they migrate cephalad 
from the pelvis to the level of the adrenal glands. 
An ectopic kidney is defined by its location else- 
where than in the lumbar fossa and results from a 
failure of the normal migration (see chapters 
“Urinary Tract Embryology, Anatomy and 
Anatomical Variants” and “Anomalies of Kidney 
Rotation, Position and Fusion”). It is generally 
located below (pelvic kidney, iliac kidney, horse- 
shoe kidney) or on the opposite side (crossed 
renal ectopia with or without fusion with the 
other kidney) of its usual position. Exceptionally, 
the cephalad migration of the kidney can be 
excessive prior to the diaphragmatic closure or in 
combination with delayed diaphragmatic closure, 
then even resulting in an intrathoracic location. 


2.4 Renal Size 

The size of both kidneys should be reported in 
every report when kidneys are measurable. 
Kidney volume is usually correlated with the 
single kidney glomerular filtration rate. Kidney 
length is generally considered as a surrogate 
measurement of kidney volume. The long axis 
has to be compared to age-related normal values 
(Dinkel et al. 1985; Kadioglu 2010; Konus et al. 
1998; Rosenbaum et al. 1984). Nomograms 
should be easily accessible when reporting; 
patient age/size/weight must be available. Normal 
values are included within the interval range: 
mean +2 standard deviations. 

However, it should be kept in mind that the 
correlation between kidney length and kidney 
volume is quite poor (Bakker et al. 1999; 
Emamian et al. 1993; van den Dool et al. 2005). 
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In case of pelvicaliceal dilatation, the kidney 
often increases in size due to the urine accumula- 
tion although the kidney parenchymal volume 
may be decreased. Moreover, the variability in 
sonographic measurement of renal length is com- 
parable to the expected annual increase in length 
during childhood (2-6 mm per year). Also renal 
length in the same patient may vary in a small 
amount, up to 4.3%, with the hydration status 
(Peerboccus et al. 2013). Therefore, caution is 
suggested when using sonography to evaluate 
renal growth in children during a year’s time. 

Some authors have reported the use of the ellip- 
soid formula (kidney volume=length x width x 
thicknessx0.5) to estimate kidney volume. 
However, the volumes are underestimated by the 
ellipsoid formula to up to 20% with a large vari- 
ability that does not allow a systematic correction 
(Bakker et al. 1999). The inaccuracy occurs 
because the kidney is not a true ellipsoid and 
because errors in measurements in the three 
dimensions can be additive (Emamian et al. 1995). 

Other authors proposed to measure renal paren- 
chymal area (Cost et al. 1996) on an oblique coro- 
nal view or the parenchymal thickness (Emamian 
et al. 1995). Both methods have shown to have a 
poor reproducibility and are considered unwieldy 
in aclinical setting (Brandt et al. 1982; Jeon 2013). 

Semiautomatic renal volume measurement 
techniques have been developed with (3D) US, 
CT, and MRI (Breau et al. 2013; Riccabona et al. 
2005; Vivier et al. 2008). The results are promis- 
ing, but these algorithms are time consuming or 
not widely available and not used for routine 
examinations. 

Despite its limitations, kidney length is the 
most important measurement in daily practice. 
Comparison of measured values with the previ- 
ous ones is key when reporting. 


2.5 Renal Parenchymal 


Morphology 


° Thickness: This parameter is also an indirect 
estimate of kidney volume. Age-related renal 
parenchymal thickness values have been pub- 
lished (Kadioglu 2010). However, in case of 
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pelvicaliceal dilatation, the thickness can be 
decreased due to a tissular stretching rather 
than to a real parenchymal volume shrinkage. 
Corticomedullary differentiation: US and 
MRI allow for observing the corticomedullary 
differentiation without contrast injection. For 
consistency, the echogenicity of the cortex has 
to be compared to the adjacent spleen and 
liver. It should be mentioned in every report, 
even if normal. 

Note that a transient increase in the echo- 
genicity of the pyramids is commonly seen in 
neonates and is the result of physiologic events 
in the postnatal period. The maximal hyper- 
echogenicity is located at the apex of the pyra- 
mids near/in the papillae. This increased 
echogenicity is transient and usually resolves in 
a few days when the infants have been hydrated 
and urine output reaches the standard rate. The 
cause of this transient increase in echogenicity 
in neonates remains uncertain, but seems to be 
independent from the deposition of Tamm- 
Horsfall protein as suggested formerly. 

Corticomedullary differentiation can be 
increased (for instance, in the neonatal 
period and in hemolytic and uremic syn- 
drome or in acute cortical necrosis) (Kraus 
et al. 1990), decreased, or reversed. A 
decreased differentiation is often but not 
always suggestive of a poor single kidney 
function (Mercado-Deane et al. 2002). In 
this case, the term renal dysplasia should be 
avoided by radiologists as it is a histological 
term corresponding to undifferentiated and 
metaplastic tissues (see chapter “Imaging in 
Renal Agenesis, Dysplasia, Hypoplasia and 
Cystic Diseases of the Kidney”). The simple 
description of loss of corticomedullary dif- 
ferentiation is recommended. A reversed 
corticomedullary differentiation is seen, for 
example, in medullary nephrocalcinosis (see 
chapters “Urolithiasis and Nephrocalcinosis” 
and “Imaging of Urolithiasis and 
Nephrocalcinosis”’). 

Scarring: Visualization of cortical scarring is 
common with MRI and CT, but it can be 
observed also with US. It should not be con- 
fused with junctional parenchymal defect or 
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line (corresponding to the fusion of fetal lobu- 
lations) that appears as a triangular echogenic 
focus peripherally without cortical loss and 
between pyramids, unlike scarring that devel- 
ops in front of pyramids. 

e Cysts: They can be sporadic, acquired, or 
inherited. Their absence at birth does not pre- 
clude their appearance during childhood. The 
number, size, features, and location of cysts 
should be described. They can be located in 
the cortex (mainly subcapsular or not) or 
medulla, at their junction, or in all of these and 
parapelvic. In case of renal cysts, the liver, 
spleen, and pancreas have to be evaluated for 
cysts. For proper interpretation of these find- 
ings, the medical history of the patient and the 
knowledge of a family history of cystic dis- 
ease are of utmost importance (see chapters 
“Renal Agenesis, Dysplasia, Hypoplasia and 
Cystic Diseases of the Kidney” and “Imaging 
in Renal Agenesis, Dysplasia, Hypoplasia and 
Cystic Diseases of the Kidney”). 

e Tumors/space occupying and other focal 
lesions: The size, location, content (tissue, cal- 
cifications, fat, liquid, or necrosis), vasculariza- 
tion, borders, local and distal extension, as well 
as relation to surrounding structures have to be 
described. Differentiation against a parenchy- 
mal bridge needs to be considered as well as 
other pseudotumoral (inflammatory) lesions; a 
potential membrane-like containment may 
indicate an abscess. Patency of the renal vein 
and inferior vena cava has to be systematically 
imaged. Note that nonhemorrhagic peritoneal 
effusion is often present without peritoneal 
rupture (Brisse et al. 2008) (see chapter 
“Neoplasms of the Genitourinary System”). 


2.6 Pelvicaliceal Dilatation 

It should be emphasized that the anteroposterior 
diameter of the intrarenal pelvis (Fig. 1) is more 
important than the extrarenal diameter. Dilatation of 
calices and their shape should be described. The 
diameter of the proximal and distal ureter should be 
reported whenever possible, also addressing peri- 
stalsis and ureteral or pelvic wall thickening. On 
US, M-mode can be used to document peristalsis. 
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In case of acute obstruction, dilatation of the uri- 
nary cavities is often absent within the first hours. 

Chronic dilatation of the collecting system does 
not necessarily indicate obstruction. The current 
definition of chronic obstruction in practice is the 
one described by Peters and Koff (Koff 1987; 
Peters 1995) and is based on functional deteriora- 
tion and loss of growth potential rather than mor- 
phologic changes. Based on this definition, none of 
the terms describing an upper urinary tract dilata- 
tion should have an “obstruction” connotation. As a 
result, the term “obstruction” should be avoided by 
radiologists in case of chronic dilatation. 

Dilatation of the pelvis and calices is some- 
times referred to as hydronephrosis. However, 
this term has been used with different meanings. 
Depending on physicians and institutions, a 
notion of chronic obstruction can be included in 
this term. That is the reason why the use of hydro- 
nephrosis should be avoided, and simple and 
descriptive terms such as pelvicaliceal dilatation 
should be preferred. This has been also recently 
addressed by a consensus statement from the 
USA where a new suggestion for grading urinary 
tract dilatation has been proposed, in addition to 
or replacing the existing “hydronephrosis” grad- 
ing schemes (Nguyen et al. 2014). Furthermore, 
the ESPR abdominal imaging task force has also 
changed its terminology and grading of former 
“hydronephrosis” to “plevicaliceal distentions / 
dilatation (PCD)” and issued a respective state- 
ment (Riccabona et al. 2017). 

A ureteral dilatation should not be described 
as a megaureter as this term may be misleading. 
It should always be prefaced with the terms 


Fig. 1 Measurement of anteroposterior (AP) renal pelvis 
diameter on a true axial view of the kidney. This view has 
to be orthogonal to the long axis of the kidney. The classi- 
cal AP diameter has to be measured in the intrarenal por- 
tion, between the hilar lips (A). If an additional measure 
of the extrarenal pelvis (B) is performed, it should be 
mentioned that this measurement is “extrarenal” 
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primary, secondary, obstructive, or refluxing. 
Note that a combination of both mechanisms can 
occasionally coexist. It can be shown by a post- 
micturition evaluation for “trapped” urine above 
the ureterovesical junction. When describing a 
dilated ureter without knowing the etiology, the 
term megaureter should be avoided. If the cause 
is unknown, the term ureteral dilatation (or ure- 
teropelvicaliceal dilatation if any) should be 
used. 


2.7 Urinary Bladder 

The bladder wall and its content should be 
described. Mobile debris is sometimes visible 
and not systematically associated with urinary 
tract infection. 

Urologists sometimes request post-void resid- 
ual urine measurement. Healthy infants and 
toddlers have shown not to empty the bladder 
completely with every micturition, but they do so 
at least once during a four-hour observation. 
Normal residual urine volume is zero, while 20 ml 
or more on repeat measurements is pathological. 
Values between these two measurements represent 
a possible clinical relevant amount of residual 
urine. In older children, an easy and useful defini- 
tion is the presence of a residual urine volume 
higher than 10% of the expected/actual bladder 
capacity (Jansson et al. 2000; Neveus et al. 2006). 
In practice, the definition of the expected bladder 
capacity is the one of the expected maximum 
voided volume calculated via the formula [30+ (age 
in years x 30)], in mL. For US measurement of this 
volume, an individually adapted correction factor 
has to be applied depending on the bladder shape 
(Knorr et al. 1990, see also chapter “Normal 
Values”). 

The morphology of the bladder wall should be 
described, especially if it is regular or not or if 
there are diverticula, trabeculations, or focal or 
global thickening. The bladder thickness is 
difficult to evaluate as it depends on the filling 
status. The thickness of the bladder wall decreases 
continuously as the bladder fills. Bladder wall 
thickness measurement seems to be more repro- 
ducible when nearly empty (Jequier and Rousseau 
1987; Kaefer et al. 1997). 
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2.8 Urethra 

If applicable, difficulties in catheterization have to 
be reported, as usually some sort of filling is required 
for assessing the urethra either fluoroscopically or 
by perineal and penile US. The entire urethra must 
be imaged because disease can occur anywhere 
from the bladder base to the urethral meatus. 

In case of opacification, steep oblique imag- 
ing is optimal, especially in male to avoid super- 
imposition of penile urethra and posterior 
urethra. 

Precise location of abnormalities has to be 
described. The male urethra is divided into ante- 
rior and posterior portions. The posterior urethra 
is composed of the prostatic and membranous 
urethra (through the urogenital diaphragm). The 
anterior urethra is composed of the bulbar and 
penile urethra. 


Conclusion 
of the Report = Interpretation 
of Findings 


2.9 


A conclusion must be drawn at the end of every 
report. It should not repeat the previous reported 
findings but should provide a comprehensive 
diagnosis deducted from the findings described 
above. Ideally, the primary abnormality should 
be mentioned at first with its consequences 
thereafter. The conclusion should include other 
data from the clinical history or from other imag- 
ing modalities. For example, if unilateral uretero- 
pelvicaliceal dilatation is found at US and that a 
previous VCUG did not show VUR, the conclu- 
sion should suggest a primary megaureter as the 
diagnosis. Furthermore, any limitations of the 
study (e.g., some parts not visible, artifacts, etc.) 
need to be mentioned. And a recommendation on 
further complementing imaging should be stated 
if deemed necessary. 


Conclusion 

Use of rigorous imaging technique, systematic 
reporting, standardized terminology, and a 
comprehensive conclusion improves the qual- 
ity of the examination and avoids potential 
misunderstandings. 
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In general, basic rules as in adults apply 
also in children. In older children and adoles- 
cents, there is no significant difference to adult 
use, application, and handling. However, par- 
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using an intravenous contrast agents), or a faster 
heart rate with shorter distances causing shorter 
circulation time and impacting delay time in CT 
and MRI. 

Orally and rectally applied contrast agents are 
usually not or only in small portions absorbed, 
and thus these do not pose a realistic threat to the 
kidney — these will not be addressed. The follow- 
ing will focus on the three main groups used for 
intravascular or intracavitary opacification — 
ultrasound contrast agents, radiopaque iodine- 
based contrast agents, and gadolinium (Gd)-based 
contrast agents. 

During pregnancy ultrasound and MRI 
should be preferred as urogenital tract imaging 
methods for queries in adolescents/young 
adults. Contrast agents should be avoided if 
possible, especially in the first trimester. If a 
contrast-enhanced study is necessary, macro- 
cyclic gadolinium-based agents have to be 
used for MRI. There are no reported restric- 
tions with contrast-enhanced ultrasound during 
pregnancy; however, it should be used with 
caution (Webb 2014). If any contrast applica- 
tion (iodinated or gadolinium-based agents) is 
necessary in breastfeeding mothers, there is no 
evidence that oral ingestion of contrast agents 
by an infant (less than | % of the ingested con- 
trast agent is absorbed by the gastrointestinal 
tract) would cause any toxic effects. Thus, and 
also according to ESUR recommendations, it is 
safe for infant and mother to continue breast- 
feeding after receiving such an agent, though 
some centers still advocate a 24 h breastfeed- 
ing brake. 


Take Away 

Contrast agents are also used for imaging 
neonates, infants, and children. Though 
general similar rules apply, there are some 
differences, particularly in terms of renal 
handling and body physiology — impacting 
contrast agent use and application. These 
aspects need to be considered when apply- 
ing contrast agents in childhood. 


M. Riccabona and H.-J. Mentzel 


2 Ultrasound (US) Contrast 
Agents 


Intravenously applied US contrast agents are 
metabolized by the liver using physiologic path- 
ways for the various carrier molecules; the 
micro-gas bubbles are eliminated by the lung 
(Calliada et al. 1998; ter Haar 2009). These 
agents are not handled by the kidney and there- 
fore can be used also in renal failure. However, 
at present there is no US contrast agent available 
that is registered for intravascular pediatric use 
in Europe — and therefore all those pediatric 
applications are off-label (i.e., will need a pro- 
found indication and validation for the study, as 
well as an informed consent). Only recently, 
the intravenous use of the US contrast agent 
“Lumason®” (Bracco, Milan, Italy) was 
approved for pediatric liver applications (and use 
in the pediatric bladder for VUR assessment) in 
the USA; a broader approval for pediatric appli- 
cations is expected in Europe (it was recently 
approved for pediatric intravesical use by the 
EMA). Nevertheless, US contrast agents are 
used for imaging children and — to the author’s 
opinion — these need to be promoted, especially 
due to their huge potential to reduce the need for 
studies with radiation burden or methodically 
sophisticated studies as MRI and as these US 
contrast agents appear to be relatively safe 
(Darge et al. 2013; Papadopoulou et al. 2014; 
Piscaglia and Bolondi 2006; Piskunowicz et al. 
2012; Riccabona 2012). As rarely more severe 
reactions have been observed with intravenous 
applications, respective precautions have to be 
taken (Stenzel and Mentzel 2014; Piskunowicz 
et al. 2011; Torzilli 2005). Diagnostically, par- 
ticularly using modern contrast imaging tech- 
niques, US contrast agents are reliable and 
particularly valuable — not only for lesion detec- 
tion but also for lesion characterization (as 
dynamic evaluation is easily feasible without 
increasing any risk or burden to the patient) 
(McCarville 2011; Piskunowicz et al. 2012; 
Stenzel 2013; Valentino et al. 2008). There are 
no official dose-finding studies; however, sug- 
gestions of how to adapt the dose for the various 
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pediatric age groups exist (Table 1) (Riccabona 
et al. 2012, 2014). Nevertheless, the specific 
requirements for off-label use of these agents in 
the different countries have to be respected 
(Schreiber-Dietrich and Dietrich 2012; Esposito 
et al. 2012). 

A specific pediatric application in uroradiol- 
ogy of US contrast agents is its intravesical use 
for assessment of vesicoureteric reflux called 
contrast-enhanced voiding urosonography (ce- 
VUS). This method has been well validated, is 
safe and reliable, has high diagnostic accuracy, 
and helps to reduce conventional fluoroscopic 
voiding cystourethrography with its consider- 
able radiation burden (Ascenti et al. 2004; 
Berrocal et al. 2001; Mentzel et al. 1999; Darge 
2010; Papadopoulou et al. 2014; Valentini et al. 
2002). With the intravesical use, its safety 
profile is even better than for the intravenous 


Table 1 Dose suggestions for pediatric ultrasound con- 
trast agent applications (using SonoVue®, Bracco, Italy — 
the most commonly available drug, particularly in 
Europe), based on individual experiences, several reports, 
and extrapolation from adult dose taking the child’s circu- 
lating blood volume (which is relatively higher in neo- 
nates than in older children) into account (as there are no 
dose finding studies available, except for a small series for 
ce-VUS) (see also Riccabona 2014; Riccabona et al. 
2012; Darge 2010) 


ce-VUS: 0.2-0.5—1 % of actual bladder filling volume 
dose partially also depends on imaging technique used 
iv.-CEUS (maximum single dose — often lower dose at 
around 50 % sufficient): 


Neonates 0.1-0.15 ml/kg b.w. 

Infants 0.08-0.1 ml/kg b.w. 

Older children | 0.05-0.08 ml/kg b.w. 

(>20 kg b.w.) 

Adolescents: Like | 2.4-4.8 ml (~0.025/0.05 ml/kg 
adults | b.w.) 


Some use the formula 0.1 ml/year of age 


Repetition possible as soon as old bolus has dissolved/ 
vanished (usually within 15-20 min.) 


ce-VUS contrast-enhanced voiding urosonography, iv.-CEUS 
intravenous contrast-enhanced ultrasound, b.w. body weight, 
min. minute. The recently issued compay recommendations 
(Lumason/Sonovue by Bracco) for pediatric dosage are 0.03 
ml/kg for intravenous use (USA) and 1 mg for intravesical 
use (USA and Europe) (see www.drugs.com/dosage/luma- 
son.html - last visited Nov 18th 2017) 


applications (Papadopoulou et al. 2014; 
Riccabona 2012). It has also been shown that ce- 
VUS is reliable for assessing urethral pathology 
when using a perineal approach (Duran et al. 
2009; Berrocal et al. 2005; Bosio and Manzoni 
2002) — thus also this aspect is no longer a 
limitation of the technique, and it has helped to 
reduce the use of ionizing studies (Darge et al. 
2001). Therefore — this has become an important 
method which is described in more detail 
in chapter “Diagnostic Procedures: Excluding 
MRI, Nuclear Medicine and Video- 
Urodynamics” and where procedural recommen- 
dations are available describing this technique 
that by now has been fairly standardized (Darge 
2008; Riccabona et al. 2008; Riccabona 2002, 
2014). 


Take Away 

Presently available US contrast agents are 
not licensed for intravascular pediatric use 
in Europe. However, they have been applied 
both intravenously as well as intracavitarily 
(e.g., ce-VUS, which now is an approved 
application both in Europe and in the USA). 
It has been shown that they are reliable and 
safe, and they can be applied after 
(informed) consent has been retrieved — 
helping to reduce the need for other particu- 
larly irradiating investigations thus reducing 
radiation burden to our pediatric patients. 


3 Radiopaque lodine-Based 
Contrast Agents 

3.1 Intracavitarily Applied 

Radiopaque lodine-Based 

Contrast Agents 


Iodine-based contrast agents are used for antegrade 
or retrograde pyelography/urethrography, voiding 
cystourethrography, and — sometimes — orally 
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administered bowel contrast in abdominal 
CT. Furthermore, these can be used for interven- 
tional procedures such as abscess drainage. In the 
bladder usually hyperosmolar contrast agents are 
used; these ionic agents even have the benefit of 
being antiseptic and antimicrobial (Dawson et al. 
1983; Speck 1999). In any application where there 
is arisk for contact to the peritone cavity or vessels, 
barium-based contrast agents should be avoided, 
and water-soluble low- (or iso-)osmolar nonionic 
contrast agents as used for intravenous studies 
should be administered (Zerin 1992; Hiorns 2011) 
(see below). The concentration usually is in the 
150-200 mg/ml range, and sometimes they are 
diluted, particularly for CT — here usually diluted 
low-osmolar radiopaque contrast agents in a 2% 
solution are used, with age-adapted volume 
(Table 2) (Sorantin 2012). 


3.2 Intravascularly Applied 
Radiopaque lodine-Based 


Contrast Agents (CA) 


Intravascularly applied iodine-based contrast agents 
(CA) are commonly used for a number of proce- 
dures and usually given intravenously, particularly 
and most commonly for CT; sometimes and in 
exceptional cases (or if no access to other modern 
imaging is available, e.g., in low-resource settings), 
IVU or a catheter angiography needs to be per- 
formed using these agents. After the first years of 
life, radiopaque iodine-based CA are handled by the 
kidney similarly as in adults. But in neonates and 
infants, there are very little hard data and facts on 
details about renal handling of these agents; addi- 
tionally the physiologic renal immaturity in new- 
borns and side effects from osmolarity and 


Table 2 Recommendation for age-adjusted amount of 
oral contrast for paediatric CT (low-osmolar radiopaque 
contrast agents at 200-300 mg J/ml in a 2 % solution) 


Age | CM amount (ml) 
Under 6 months | 100 

6 months—1 year | 200 

1-3 years | 300 

3-10 years |700 

Older than 10 years | 1000 
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concentration need to be considered. Furthermore, 
adverse reactions, particularly allergic, and (though 
rarely) even anaphylactic reactions exist also in 
childhood (Mikkonen et al. 1995; Brasch 2008). 
The other major complication of iodine-based radi- 
opaque CA is contrast-induced nephropathy (CIN), 
a phenomenon that may occur in children too just as 
in adults, particularly in those with impaired renal 
function and with poor hydration. This aspect is 
undergoing refinements — probably CIN is less rel- 
evant than previously considered and needs to be 
only considered in patients with a glomerular filtra- 
tion rate (GFR) below 40 ml/min/1.73 m?, in com- 
bination with other nephrotoxic agents or diseases 
with renal involvement, and most important with 
poor hydration (Garfinkle et al. 2015; Davenport 
et al. 2013; Newhouse et al. 2008); however, no data 
on this exist in children and particularly in neonates 
till now. A final important aspect is the risk of 
iodine-induced hypothyreosis in neonates after oral, 
rectal, intra-arterial, or intravenous application of 
iodinated CA — thus in these patients thyroid func- 
tion should be tested after iodine applications 
(Thaker et al. 2014). All these aspects need to be 
considered when indicating, planning, and perform- 
ing a contrast-enhanced study. 

To address all these aspects, the general con- 
sensus within pediatric radiology is first to try to 
avoid using contrast-enhanced examinations that 
carry a radiation burden following the ALARA 
principle whenever possible — often these can be 
replaced by modern detailed US (including 
Doppler sonography and potentially US contrast 
agents) and MR imaging. Sometimes 
enhanced studies such as an abdominal plain film 
or an unenhanced CT may suffice in conjunction 
with the other options. If a contrast agent is neces- 
sary, iso- or low-osmolar nonionic contrast agents 
should be preferred, and adequate (physiologic) 
hydration should be granted; if possible, additional 
particularly native unenhanced CT acquisitions 
should be avoided. The dose needs to be corrected 
according to body weight and age — with some 
variability depending on the studied object. 
Furthermore, patients should be checked for renal 
disease or functional impairment, and if there is 
any potential risk, renal functional tests by mea- 
suring creatinine and calculating GFR must be 


non- 
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undertaken. It needs to be remembered that creati- 
nine values are age dependent and may differ sig- 
nificantly from adult values and that GFR is 
calculated by a slightly different equation than in 
adults (see chapter “Normal Values”). 

Premedication — to avoid allergic/anaphylactic 
reaction to the contrast media as well as treat- 
ment of these events — differs, depending on age 
as well as on institution. As a general rule, corti- 
costeroid and antihistamine premedication can be 
used as a prophylactic tool in children with 
known allergy to iodine-based contrast media 
(see American College of Radiologists — 
Recommendation 2012); the treatment of an 
adverse event depends on severity and usually is 
defined in cooperation with the anesthesiologists 
by the individual institution. 

The actual contrast agent dose depends on 
age as well as the iodine load and concentra- 
tion of the individual CA: the younger the 
child, the lower the concentration — starting 
from 150 to 200 mg iodine per ml in neonates 
and gradually increasing with age up to 350 mg 
iodine per ml in older children. Particularly in 
CTA, a lower relative iodine load can be advo- 
cated, as CTA is often performed at lower kV 
settings (e.g., 80-100 kV) that yield a higher 
contrast effect, additionally helping to reduce 
the CT dose. As a rule of a thumb, the dose 
suggestion is 2.5 ml/kg body weight (to a max- 
imum of 3 ml/kg body weight) in neonates and 
2 ml/kg body weight in infants; thereafter usu- 
ally 1-1.5 ml/kg body weight is sufficient 
(Pärtan 2014; Sorantin et al. 2002, 2013; 
Sorantin 2013) (Table 3). However, for some 
exams a larger contrast amount may be neces- 
sary, particularly if a dual or split bolus tech- 
nique is used, such as in some trauma protocols 
or for CT urography. Nevertheless, higher con- 
trast doses are associated with a higher risk of 
CIN, and thus the risk to benefit relation has to 
be carefully assessed (Frush 2008; Kurian 
et al. 2013; Heran et al. 2010). In neonates with 
an immature renal function in the first weeks of 
life, radiopaque contrast agents should be 
avoided unless there is a “vital” indication for 
the study with no other imaging alternatives 
and emergent therapeutic impact. 


Table 3 Recommendations on weight- and age- 
dependent dose and concentration for pediatric intrave- 
nous radiopaque iodine-based contrast agent applications 


| Iodine 
| concentration* 
Age | (mg/ml) Dose? (ml/kg b.w.) 
Less than | 150-200 2.5 
1 year 
Between 1 200-250 2.0 
and 2 years | | 
Older than 250-300 1.5 
2 years 
Older than 300-350 1-1.5 
6 years _ 
Adolescents 300—400 0.5-1 
As in adults Depending on 
protocol and 
indication 


Try to avoid administration of more than 100 ml (Adapted 
from Sorantin et al. 2013) 

b.w. body weight, mg/kg milligram per kilogram, mg/ml 
milligram per milliliter 

*Use higher concentration for smaller and more peripheral 
vessels 

For some specific applications, 0.5-1 ml may need to be 
added (e.g., split bolus technique). Sometimes (e.g., for 
CTA, using ultrafast and most modern devices with low 
KV and sensitive detectors) even a reduction of 30-50 % 
can be sufficient 


Take Away 

Iodine-based radiopaque contrast agents are 
safe for application in childhood — age- 
adapted dose and concentration need to be 
used, and low- or iso-osmolar drugs should 
be administered. Nevertheless, though rarer 
than in adults, complications and adverse 
reactions as well as (relative) contraindica- 
tions exist, too. These have to be respected 
and respective precautions have to be taken. 


4 Gadolinium (Gd)-Based MR 
Contrast Agents 


Basically similar statements apply as in adults for 
the use of Gd-based MR contrast agents in chil- 
dren. However, there is little information about 
pharmacokinetics and safety data available for 
the use of these contrast agents in children (Hahn 
et al. 2009), particularly in neonates and infants 
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less than 1 year. But there is a (though small) risk 
of inducing nephrogenic systemic fibrosis (NSF) 
(Foss et al. 2009; Jain et al. 2004). Basically, the 
same general rules apply as in adults 
(Karcaaltincaba et al. 2009; Thomson and Webb 
2014). Particularly renal insufficiency, poor 
hydration (that impairs Gd excretion and leads to 
a longer Gd circulation time), as well as acidosis 
pose major risk factors (Dharnidharka et al. 2007; 
Mendichovszky et al. 2008; Thomson and Webb 
2014). At present practically all proven incidents 
of NSF (particularly in children) have been 
observed with linear compounds (Morcos 2007; 
Penfield and Reilly 2008; Riccabona 2014). 
Therefore the Guidelines from the American 
Working Group of Radiologists, the ESUR 
Contrast Media Safety Committee, the ESPR 
Uroradiology Task Force, and the ESUR 
Paediatric Working Group as well as the respec- 
tive EC committees and agencies propose to 
avoid linear compounds in children, particularly 
in infants and neonates, and to take precautions to 
assure a normal renal function by measuring cre- 
atinine and calculating GFR at least in all those 
children, who have a potential risk of impaired 
renal function. Additionally, the EMA has issued 
a statement that obviates the use of non-linear 
Gd-based contrast agents in Europe and particu- 
larly in Pediatrics (EMA 2017). Age-adapted ref- 
erence values of GFR have to be used (see chapter 
“Normal Values”). Additionally, acidosis should 
be corrected, and proper (physiologic) hydration 
should be granted before an intravenous Gd 
application, the latter also for preventing Gd 
accumulation in the tubules with a consecutive 
phenomenon similar to  contrast-induced 
nephropathy (Kalmar and Riccabona 2013). 

As no data are available on the handling of Gd 
by the neonatal kidney, the respective recommen- 
dations are extrapolated from adult physiology; but 
in general Gd should be avoided unless there is a 
serious indication — after assessing the risk to ben- 
efit relation rating the gadolinium-enhanced MR as 
the most adequate imaging approach and consulta- 
tion with the pediatric nephrologist (Mendichovszky 
et al. 2008; Riccabona et al. 2009). In general, par- 
ticularly for MR angiography, non-enhanced MR 
techniques such as time of flight or arterial spin 
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labeling techniques or diffusion weighted imaging 
should be considered first (Mannelli et al. 2012, 
Penfield and Reilly 2008), and alternative imaging 
approaches (e.g., by US) should be exploited 
(Mendichovszky et al. 2008; Riccabona 2014). The 
dose is calculated by the body weight — the respec- 
tive dose suggestions from the manufacturers 
should be followed; usually a range from 0.05 to 
0.1 ml/kg body weight are recommended by the 
companies, with some variance depending on the 
drug and the application and using the lowest pos- 
sible dose that still grants a diagnostically reliable 
enhancement/contrast. 

If there is renal function impairment, Gd is not 
completely contraindicated. However, there must 
be a compelling indication, no alternative substitute 
imaging option with less risk, and proper prepara- 
tion by hydration, correcting acidosis and similar 
measures — then, after retrieving an informed con- 
sent of the parents and consulting the pediatric 
nephrologist, Gd may be an accepted option. As 
repeated administration of Gd potentially leads to 
higher cumulative systemic dose and may be a 
possible risk factor for (irreversible long term) Gd 
deposits in some body compartments, repeated 
investigations within a short time should be avoided. 
Note that this Gd accumulation on several body 
compartments such as the brain (e.g., dentate 
nucleus) or the bone marrow has recently been 
shown even in patients with a normal renal function 
but repeated Gd applications (McDonald et al. 
2015) — no knowledge exists to date on the long- 
term impact of these phenomena or specific pediat- 
ric implications, but this phenomenon has been also 
observed in pediatric patients. It is therefore even 
more obvious that the patient’s cumulative dose 
should be recorded in the patients’ file or register, 
and its use and indication should be handles with 
caution based on a thorough justification, i.e., 
should be avoided if not necessary. The latter will 
not only help to monitor the patient but also create 
more evidence for future analysis and more pro- 
found recommendations. Additionally, as a general 
rule, double-dose administration should be avoided, 
although at present there is no direct evidence that 
this is harmful. Furthermore, the European medi- 
cines agency has just recently issued a recommen- 
dation that linear compounds should be generally 
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avoided and not used particularly in childhood. As 
in some countries no cyclic Gd-based contrast agent 
is registered for use in neonates and the first year of 
life, an off-label application may be and often is 
considered safer than the use of a potentially 
registered linear compound, provided there is a 
thorough indication and consent from the parents — 
particularly, as the lack of approval is mostly only 
based on missing phase III studies which are rarely 
done in very young children. 


Take Away 

Gd-based MR contrast agents are used in 
children and follow similar rules as in 
adults; the dose however must be adapted 
to age and weight of the patient. Though 
rarer, side effects exist and need to be con- 
sidered — particularly for NSF prevention, 
cyclic compounds should be used through- 
out childhood and particularly in infancy, 
even if this implies an off-label application. 
Patient registers that allow following the 
individual Gd exposure will hopefully in 
future provide more evidence on childhood- 
specific aspects. 


5 Summary and Conclusion 


Contrast agents play a major role also for imag- 
ing children. However, safety considerations 
have to be respected and are similar but not 
always quite the same as in adults. The dose must 
be adjusted to the patient age and weight, and 
renal function parameters must be observed con- 
sidering the different normal values for the vari- 
ous age groups (see chapter “Normal Values”). 
And other precautions such as proper hydration 
and correcting acidosis should be taken. 

For radiography, fluoroscopy, and CT, nonionic 
iodine-based contrast agents should be used with a 
lower concentration in younger children. For MRI, 
linear Gd compounds should be avoided in chil- 
dren and replaced by cyclic contrast agents. The 
Summary of Product Characteristics should be 
consulted, particularly since not all contrast agents 


129 


are tested and licensed in children of all ages in 
accordance with the rules of the various medicine 
agencies and different countries. However, this 
does not mean that untested and officially 
unapproved contrast agents cannot be used in 
childhood — but in these cases an informed consent 
must be obtained and the indication for the study 
must be thoroughly validated. Only if there is an 
absolute contraindication a contrast agent cannot 
be used even with informed consent. 


Take Away 

Contrast agents play a major role also for 
imaging children, but safety considerations 
have to be respected. The dose must be 
adjusted to the patient age and weight, 
renal function parameters must be 
observed — considering the different nor- 
mal values for the various age groups — and 
other precautions such as proper hydration 
should be taken. 
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1 Embryology 
1.1 Development of the Kidneys 
and the Ureters 


The normal embryonic development of the 
human kidney has been studied in detail (Potter 
1972). Understanding this process is essential in 
the evaluation of the various structural malforma- 
tions of the kidney. 

During the development of the human kidney, 
there are three successive ontogenetic stages: the 
pronephros, the mesonephros, and the metaneph- 
ros (Fig. 1). Although the pronephros and the 
mesonephros are transitory organs, they are 
essential for the development of the definitive 
kidney, the metanephros. All three systems are of 
mesodermal origin and develop from the nephro- 
genic cord. 

Near the end of the 3 week after conception, 
the pronephros begins to form. The proximal 
ends form nephrostomes, which open into the 
coelomic cavity, and the distal ends of successive 
tubules coalesce to form the pronephric ducts. 
The cephalic segments regress before the caudal 
parts form and all degenerate by the 5 week. The 
pronephros appears to be nonfunctional in 
humans, but is important in giving rise to the 
mesonephric ducts. 

The mesonephros develops in the 4 week after 
conception, caudal to the last of the pronephric 
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tubules. Whereas the pronephros is a cervical 
organ, the mesonephros is a thoracic organ. Each 
mesonephric unit consists of a glomerular struc- 
ture, a proximal tubule segment that is secretory 
in nature, and a distal tubule segment that ends in 
the mesonephric duct. These represent the first 
true nephron units in renal development. In the 
female, most of the mesonephros regresses in the 
third month of gestation with the epoophoron, the 
paroophoron, and Gartner’s duct remaining as 
vestigial structures. In the male, the mesonephric 
tubules and the mesonephric duct continue to 
develop to form the excretory ducts of the male 
reproductive system. 

The definitive kidney is the metanephros and 
has a dual origin. The glomeruli and tubules 
arise from a mesenchyme called metanephric 
blastema in the nephrogenic cord, caudal to the 
mesonephros. The excretory segments, includ- 
ing the collecting ducts, calyces, pelvis, and 
ureter, develop from a branch of the mesoneph- 
ric duct called the ureteric bud (Fig. 1). This 
structure arises during the 4 and 5 weeks and 
grows dorsally and cephalad until it contacts the 
nephrogenic cord. The metanephric blastema 
surrounds the dividing ureteric bud as a conden- 
sation of cells. Branches of the ureteric bud 
must come into contact with the metanephric 
blastema in order for the kidney to develop 


properly. 


Pronephros 


Mesonephros 


© 


Metanephros 


Fig. 1 Topography of the pronephros, mesonephros, and 
metanephros 


A. Ntoulia et al. 


At 7-8 weeks, the first nephrons with well- 
developed glomeruli are formed from the meta- 
nephric blastema. The first three to five 
generations of branches of the ureteric bud form 
the renal pelvis. The terminal portions of the 
next generation of branches remain somewhat 
constricted and form the infundibula, which 
connect the calyces with the pelvis. The early 
calyces are formed at 10 weeks, and by 13-14 
weeks the cuplike shape of the calyx is 
established. It has been estimated that the papil- 
lary collecting ducts are developed from the 
seventh to eleventh generations from the origi- 
nal ureteric bud. Rapid branching continues 
with the formation of collecting tubules until 
about 14—15 weeks. 

Nephron formation begins in about the 
8 week in small foci of metanephric blastema 
adjacent to the ampulla of the ureteric bud. 
Approximately one million nephrons at differ- 
ent stages of maturation are present in the kid- 
ney at birth. Although maturation of the 
nephrons proceeds after birth, no new nephrons 
are formed. Growth in the kidney continues 
until adult life, mainly as a result of elongation 
of the proximal convoluted tubules and loops of 
Henle and an increase in the size of the 
interstitium. 

The kidneys undergo cephalad migration 
from their site of origin. The ascent of the kid- 
ney occurs due to true migration and also sec- 
ondary to differential somatic growth of the 
lumbar portion of the body. They reach their 
final level by the end of the eighth week of fetal 
life. During their ascent from the pelvis, the 
kidneys normally undergo medial rotation of 
roughly 90° around their longitudinal axis 
before they assume their final position. During 
ascent, each kidney receives its blood supply 
from the neighboring vessels. Initially, this is 
from the middle sacral artery, then the common 
iliac and inferior mesenteric arteries, and finally 
the aorta (Clapp and Tisher 1989; Kissane 
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1983; Moore and Persaud 1998; Netter 1983; 
Deeg et al. 1997). 


Take Away 

The definitive kidney, the metanephros, 
has a dual mesoderm origin. The glomeruli 
and tubules arise from metanephric blas- 
tema and the excretory segments from the 
ureteric bud. 


1.2 Development of the Urinary 
Bladder 


The cloaca is divided by the urorectal septum 
into a dorsal rectum and a ventral urogenital sinus 
(Fig. 2). The urogenital sinus is divided into a 
cranial vesical part that is continuous with the 
allantois, a middle pelvic part, and a caudal phal- 
lic part that grows toward the genital tubercle. 
The pelvic part becomes the bladder neck and the 
prostatic part of the male urethra and the entire 
female urethra. The bladder develops mainly 
from the vesical part. The trigone region, 
however, is derived from the caudal ends of the 
mesonephric ducts. The allantois becomes a thick 
fibrous cord, the urachus. It extends from the 
apex of the bladder to the umbilicus. As the 
bladder enlarges, distal parts of the mesonephric 
ducts are incorporated into its posterior wall. As 


Allantois 


“sinus 
/  urogenitalis 
Rèctum 


Fig. 2 Diagram of urogenital sinus, lateral view 


the mesonephric ducts are absorbed, the ureters 
come to open separately into the urinary bladder. 
The orifices of the ureters move superolaterally — 
partly due to the ascent of the kidneys — and the 
ureters enter obliquely through the base of the 
bladder. The orifices of the mesonephric ducts 
move close together and enter the prostatic part 
of the urethra as their caudal ends become the 
ejaculatory ducts. In females, the distal end of the 
mesonephric ducts degenerate (Moore and 
Persaud 1998). 


Take Away 

The bladder develops mainly from the vesi- 
cal part of the urogenital sinus. The trigone 
region is derived from the caudal end of the 
mesonephric ducts. 


1.3 Development of the Urethra 


The epithelium of most of the male urethra and 
the entire female urethra derive from the endo- 
derm of the urogenital sinus. The distal part of 
the male urethra is derived from the glandular- 
urethral plate. This ectodermal plate grows, 
becomes canalized, and joins the rest of the 
spongy urethra. Therefore, the epithelium of the 
terminal part of the urethra is derived from sur- 
face ectoderm. The connective tissue and smooth 
muscle of the urethra in both sexes derive from 
the adjacent splanchnic mesenchyme (Moore and 
Persaud 1998). 


Take Away 

The epithelium of most of the male urethra 
and the entire female urethra is derived from 
the endoderm of the urogenital sinus. The 
distal part of the male urethra derives from 
an ectodermal plate, called the urethral plate. 
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2 Anatomy and Variants 


2.1 The Kidneys 

Position and Anatomical 

Relationship 
The kidneys, bean-shaped organs situated in the 
retroperitoneum, extend from the 12th thoracic 
to the third lumbar vertebra, with the right kid- 
ney usually slightly more caudal in position in 
approximately two-thirds of people. The differ- 
ence in position relative to the spine usually cor- 
responds to the height of one vertebral body 
(Currarino et al. 1993). The upper pole of each 
kidney is usually more medial and posterior than 
the lower pole. The hilum of each kidney is 
rotated anteriorly on the psoas major muscle, 
and there is posterior rotation of the convex lat- 
eral renal margin — best seen on CT or MRI —- 
near the level of the second lumbar vertebra. The 
kidney is surrounded by a thin fibrous capsule 
that is adherent to the pelvis at the hilum, where 
the vessels pass in or out of the kidney. The pos- 
terior surface of the kidney is partly in contact 
with the diaphragm above the posterior costo- 
phrenic sinus. This anatomical relationship 
explains how a pleural effusion, for example, at 
the level of the posterior costophrenic sinus 
above the diaphragm, may cause a downward 
displacement of the kidney, most often left, sim- 
ulating an adrenal mass. Intraperitoneally, in 
front of the right kidney and the proximal 
descending duodenum is a posterior extension of 
the infrahepatic recess termed the Morrison 
pouch, an important space for fluid collection. 

The right kidney is slightly less mobile than 
the left. The degree of mobility usually corre- 
sponds to the height of one vertebral body. 


2.1.1 


2.1.2 Shape, Size, and Measurement 

In the newborn, it is possible to recognize the renal 
lobes by the presence of grooves surrounding them 
on the subcapsular surface (Figs. 3 and 4). As the 
kidney matures, the grooves tend to disappear. 
They are absent in most adult kidneys, but persis- 
tence of fetal lobulation is possible. Campbell 
(1970) found fetal lobulation at autopsy in 17.6 % 
of children and in 3.9 % of adults. It should be rec- 
ognized as a variant of normal renal form without 
clinical importance. Radiographically, this may 
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Fig.3 Kidneys from a newborn showing characteristic 
fetal lobulation by grooves on the surface (Courtesy of 
the Department of Anatomy, University of Cologne) 


Fig. 4 Right kidney in longitudinal view. Typical sono- 
graphic appearance of the normal neonatal kidney, dem- 
onstrating multiple grooves (arrowheads) on the surface, 
increased differentiation between the echogenic cortex 
and the prominent anechoic pyramids, and reduced echoes 
in central renal sinus 


appear as small notches in the renal margin placed 
midway between normal-appearing calyces. In 
contrast, cortical scars correspond to a calyx or 
group of calyces. 

Related to the fetal lobulations is the junctional 
parenchymal defect (JPD) (Fig. 5). This defect 
consists of a thin triangular echogenic notch in the 
anterosuperior or posteroinferior aspect of the 
kidney mimicking a cortical scar. It is sometimes 
connected with the hilum of the kidney by an 
echogenic line called the junctional parenchymal 
line or interrenicular septum (Hoffer et al. 1985; 
Richter and Lierse 1990; Currarino et al. 1993). 
The finding is due to incomplete fusion of two 
embryonic parenchymatous masses — subkid- 
neys — called renunculi or reniculi and is more 
commonly seen on the right kidney (Yeh et al. 
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Fig. 5 Sonogram of 1-month-old boy. Right kidney in 
longitudinal view. The junctional parenchymal (or upper 
parenchymal junction line) (arrowhead) is seen as an 
echogenic triangular area in the anterior-superior aspect 
of the kidney. Its location between the renal pyramids 
(asterisk) allows its differentiation from a true renal scar 
which typically overlies the pyramid 


Fig. 6 Contrast-enhanced CT of the abdomen. Coronal 
reconstruction. Incidental finding: incomplete fusion and 
overlap of the two embryonic parenchymatous masses 
(subkidneys) with prominence of the polar parenchyma of 
the inferior subkidney (arrowheads) 


1992; Hoffer et al. 1985; Carter et al. 1985; Dalla 
Palma and Rossi 1982; Richter and Lierse 1990; 
Currarino et al. 1993). Occasionally, incomplete 
fusion of the two embryonic subkidneys may 
result in the partial overlap of their parenchyma- 
tous masses. In that case, the overlapping portion 
either in the lower pole of the superior subkidney 
or in the upper pole of the inferior subkidney may 
not be fully resorbed and thus remain apparent. 
The presence of a papilla trapped at the site of the 
fusion, known as “engulfed” or “imprisoned” 
papilla, allows differentiation from a hypertrophic 
column of Bertin, which is composed only of 
renal cortex (Fig. 6) (Lafortune et al. 1986; Yeh 
et al. 1992). 


A 
ka 

Fig. 7 Sonogram of a 4.7-year-old girl. Left kidney in 
longitudinal view. There is a focal smooth bulge (arrow- 
heads) on the lateral aspect of the left kidney, dromedary 
hump, as a result of renal contour adaptation to the avail- 


able space next to the spleen. Asterisk shows a hypertro- 
phic column of Bertin 


In infants, the kidney is more rounded and 
relatively broader than in adults, and its poles are 
folded into a narrower renal sinus. 

The weight and size of the kidney are propor- 
tional to body habitus. The two kidneys represent 
1/80 and 1/240 of the total body weight in the 
newborn and in the adult, respectively (Olsson 
1986). The left kidney tends to be slightly larger 
than the right, and the superior pole of each kid- 
ney is thicker and rounder than the inferior pole. 
Additionally, along the lateral-middle aspect of 
the left kidney, a focal cortical bulge may be inci- 
dentally encountered. This is a normal variant, 
produced by developmental adaptation of the 
renal contour to the available space next to the 
spleen. It is usually referred as a dromedary or 
splenic hump (Fig. 7) (Williams 2007). 

Compensatory hypertrophy following unilat- 
eral nephrectomy is usually complete within 2 
years. Compensatory hypertrophy is more rapid 
in infants than in children or adults. In a con- 
genitally solitary kidney or in a congenitally 
functionally solitary kidney, compensatory 
hypertrophy is not present at birth, but develops 
rapidly thereafter. Measurements can be made 
by US or on urographic supine films. The length 
of the kidney corresponds to the height of the 
first four lumbar vertebral bodies with their 
three interspaces +1 cm, except for the first 1, 
and a half year of life (on plain film or IVU 
images). At this age the kidneys are relatively 
larger, corresponding to the height of 4.5 lumbar 
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vertebral bodies, or five vertebral bodies in the 
newborn. The left kidney is slightly longer than 
the right. Duplex kidneys are also slightly lon- 
ger than normal kidneys. 

The width of the kidney is approximately 
50 % of the kidney length and is relatively greater 
in newborns than in older children. The kidney 
lengths obtained by US are generally slightly 
lower than those derived from the urographic 
films at all ages, being slightly less than 1 cm in 
the first 5 years and a little more than 1 cm 
afterwards. The simplified short version of the 
ellipsoid formula is used to be applied for the 
calculation of the kidney volume (most commonly 
based on US), which is as follows: 


V=LxWxAPx0.52 


where L is the maximal length in longitudinal 
scan and W and AP are the maximal width and 
anteroposterior diameter in a transverse section 
(Currarino et al. 1993). These volume standards 
are correlated with body weight (for normal val- 
ues, please refer to chapter “Normal Values”) 
(Dinkel et al. 1985). However, most modern US 
scanners have incorporated software for auto- 
matic calculations of the renal volume providing 
useful numbers as long as the kidney maintains 
its normal shape. 


2.1.3 Internal Anatomy 

A coronal section of the kidney reveals an outer 
zone, or cortex, and an inner zone, or medulla. The 
medulla is composed of 8—18 pyramids that termi- 
nate in the renal papillae at the level of the calyces. 
Two or more pyramids may share the same papilla 
as confluent papillae. The cortex extends into the 
space between adjacent pyramids as the septa or 
column of Bertin. Each half of the septa of Bertin 
receives its blood supply from a separate artery, 
and each half makes up the lateral margin of adja- 
cent lobes. The septa of Bertin extend downward 
to the renal sinus, into which they project as ridges 
(Fig. 8). It is along these ridges that the interlobar 
arteries are arranged. Occasionally, a column of 
Bertin may be unusually enlarged simulating a 
mass-like lesion. Careful examination will reveal 
that this cortical projection is typically located 
between the pyramids and has similar characteris- 
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Fig.8 Diagram of lobar architecture in the kidney. In the 
mid-zone the septa of Bertin reach down to the renal 
sinus. In the polar regions, they are smaller, due to pyra- 
midal fusion 


Fig. 9 Sonogram of a 2-year-old girl. Right kidney in 
longitudinal view. The column of Bertin extends within 
the renal sinus, exhibiting similar echogenicity with the 
renal cortex without distorting its normal architecture 


tics to the adjacent cortex without distorting its 
normal architecture (Fig. 9); in doubtful cases, a 
follow-up study may be advisable to rule out a dif- 
ferent etiology. The hypertrophic column of Bertin 
may protrude deeply into the renal sinus, bifurcat- 
ing the renal pelvis into two pyelocalyceal sys- 
tems, with a characteristic pincerlike splaying of 
the normal renal vasculature around the enlarged 
column (Fig. 10) (el-Galley and Keane 2000; 
Dalla Palma et al. 1990). 
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Fig. 10 Sonogram of a 5-year-old girl. Right kidney in 
longitudinal view. (a) A hypertrophic column of Bertin 
(asterisk) extends to the level of the renal sinus bifurcat- 
ing the renal pelvis into two pyelocalyceal systems 
(arrowheads) which join at the level of the ureteropelvic 
junction (arrow). (b) Doppler sonography: characteristic 
pincerlike splaying of the normal renal vasculature around 
the enlarged column of Bertin 


The pyramid with its surrounding cortex 
makes up a lobe. There are fourteen lobes or 
more per kidney. In the mid-zone of the kidney, 
the lobes are simple and conform to the descrip- 
tion already given, but at the poles, they tend to 
be fused and complex (Hodson 1978). In these 
areas, the septa of Bertin project downward for 
only short distances. The papillae at the poles 
may also share in this fusion, and a compound 
papilla may drain as many as three once separate 
lobes. This is the type of papilla that allows urine 
to reflux into the medullar tubuli (Fig. 11) 
(Ransley 1977; Ransley and Risdon 1975). There 
are faint striations in the cortex, which are 
referred to as the medullary rays. They contain 
the collecting tubules, the thick ascending limbs, 
and the terminal straight parts of the proximal 
convoluted tubule. The cortex is made up of 
glomeruli and a large number of tubules, mainly 
proximal and distal convoluted segments. The 
medulla is made up of two zones: the inner zone, 
which is synonymous with the papilla and con- 


a 


Fig.11 VCUG in a 2-year-old girl. Intrarenal reflux pre- 
dominantly at the upper pole 


tains collecting ducts, thin limbs, loops of Henle, 
and vasa recta, and the outer zone, which is made 
up of the outer and inner stripes. The main 
component of the outer stripe is the terminal 
straight part of the proximal convoluted tubules, 
while the main constituents of the inner stripe are 
thick ascending limbs and collecting tubules 
(Fig. 12) (Madsen and Tisher 1986). 

The specific structural and functional unit of the 
kidney is the nephron. The nephron consists of the 
Malpighian corpuscle, glomerulus, and Bowman’s 
capsule, connected to an elongated tubule compo- 
nent composed of the proximal tubule, the thin 
limbs, and the distal convoluted tubule. A transi- 
tional segment, the connecting tubules, joins the 
nephron to the collecting duct system. 

The cortex and even more the medulla are 
relatively hypoechoic and are usually well differ- 
entiated in newborns and infants by US, less 
clearly in older patients (see Sect. 2.1.5). The 
cortico-medullary differentiation is generally 
well demonstrated by MRI and contrast-enhanced 
CT. They cannot be differentiated by IVU, 
although stasis of contrast material in the pyra- 
mids can be detected in some cases. 


2.1.4 Blood Supply 

For purposes of its vascular supply, each kidney 
is regarded as made up of five segments: the api- 
cal, upper, middle, lower, and posterior seg- 
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ments. Each of these is supplied by a segmental 
artery (Fig. 13) (Graves 1954). The main renal 
artery, as a rule, divides into anterior and poste- 


Cortex 


r 


Outer medulla 


Inner medulla 


Fig.12 Diagram of the structural organization of the kid- 
ney and its relationships to the zones of the kidney. CD 
collecting duct, CNT collecting tubule, DCT distal convo- 
luted tubule, PT proximal tubule, TAL thick ascending 
limb, TL thin limb of Henle’s loop 


Posterior 


Anterior 


Fig. 13 Diagram of the vascular supply of the kidney. 
Apical (A), lower (L), middle (M), posterior (P), upper (U) 
segment and segmental branches of the main renal artery 
a variaty of variations exist 
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rior parts in the hilum, one passing in front of the 
pelvis and the other behind. The anterior part 
generally divides into three segmental branches, 
the upper, the middle, and the lower, to supply 
the corresponding segments. The posterior part 
continues backward before giving rise to several 
branches that supply the posterior segment. The 
apical segment has a variable blood supply, but 
the artery usually takes its origin from the proxi- 
mal part of the upper segmental artery. There is 
no evidence of collateral circulation between 
these segmental arteries; therefore, ligation of a 
segmental artery in the belief that it is an acces- 
sory vessel will lead to necrosis of the corre- 
sponding segment (Clapp and Tisher 1989). The 
intrarenal veins do not follow a segmental 
arrangement, and there are free anastomoses of 
the veins throughout the kidney. 

The segmental arteries divide several times, 
finally forming interlobar arteries, which enter 
the kidney parenchyma between adjacent renal 
lobes. They extend forward to the cortex on either 
side of a renal pyramid. At the junction between 
the cortex and medulla, the interlobar arteries 
divide dichotomously into arcuate arteries, which 
follow a curved course between the cortex and 
medulla. The arcuate arteries undergo several 
further divisions. From each of these branches, a 
series of interlobular arteries arise, which finally 
ascend radially through the cortex. Most of the 
interlobular arteries terminate within the cortex. 
Only about five in each kidney, called perforating 
arteries, reach the surface of the kidney, where 
they may anastomose with capsular branches 
derived from the inferior suprarenal, renal, and 
gonadal arteries (Fig. 14) (Netter 1983). 

The intrarenal veins accompany the arteries. 
There are two types of interlobular veins draining 
the cortex. One type originates at the surface of 
the kidney as stellate veins draining the most 
superficial parts of the renal cortex. Most 
interlobular veins are of the second type, which 
originates in the cortex as a result of the joining 
of venules from the peritubular plexus. Both 
types accompany interlobular arteries and drain 
in arcuate veins. The arcuate veins join to form 
interlobar veins. These finally form several veins 
that join in a simple renal vein (Clapp and Tisher 
1989; Heptinstall 1983; Lemley and Kriz 1989). 
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There is a wide variability in the number and 
course of the renal vessels in relation to the 
aorta and the inferior vena cava (IVC). 
Regarding renal arteries, the most frequently 
encountered variations are related to the number 
of the main renal arteries and the course of the 
right renal artery. Two or more main renal arter- 
ies can be unilaterally or bilaterally seen in up to 
25% of population (Kawamoto et al. 2004; 
Bouali et al. 2012). Moreover, accessory renal 
arteries provide frequently additional blood 
supply to the upper, or, most commonly, 
the lower pole of the kidneys with a reported 


Fig.14 Cut surface of the right kidney in different levels. 
The lower half with arteria renalis and its branches 


prevalence of 25-40% (Satyapal et al. 2001). 
These arteries may arise from the aorta, the 
iliac, the superior mesenteric, suprarenal, tes- 
ticular, or ovarian arteries (Fig. 15). Typically, 
the right renal artery courses posterior to the 
IVC, but it can also be found anteriorly. The 
prevalence of the precaval right renal artery has 
been reported to be between 0.8 and 9 % (Bouali 
et al. 2012). Early renal arterial branching (i.e., 
prehilar branching) is another common variant 
with a reported prevalence in up to 10% of the 
population (Kawamoto et al. 2004). 

Regarding the renal veins, in 5—25 % of pop- 
ulation, multiple renal veins can be encountered 
bilaterally or unilaterally (Satyapal et al. 1995). 
The left renal vein typically courses anterior to 
the aorta and drains into the IVC on the right. 
However, anatomic variations in the position of 
the left renal vein have commonly been 
described in up to 9 % of the population (Sheth 
and Fishman 2007; Bouali et al. 2012). A ret- 
roaortic left renal vein, passing behind the aorta 
is a common anatomic variant with a preva- 
lence of 7-9 % (Fig. 16) (Sheth and Fishman 
2007). A circumaortic left renal vein can be 
found incidentally in as many as 8 % of the pop- 
ulation and is characterized by the presence of 
two left renal veins, one preaortic and one ret- 
roaortic, forming a collar around the abdominal 
aorta and draining into the IVC (Fig. 17) (Sheth 
and Fishman 2007). Most of these variations 
are found incidentally, although they have been 


Fig. 15 Renal vasculature variants, incidental findings. 
(a) Color Doppler ultrasound. Two main renal arteries 
(arrowheads) originating from the abdominal aorta sup- 
ply the right kidney. (b) Magnetic resonance angiography. 
Similarly, two main renal arteries (arrows) originating 
from the abdominal aorta are seen on the right. (c) 


Contrast-enhanced CT. Incidental finding: two accessory 
renal arteries are seen bilaterally, originating from the 
abdominal aorta and supplying the lower pole of both kid- 
neys. The more cranially originating right accessory renal 
artery is smaller in caliber compared to the contralateral 
and ipsilateral ones 
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Fig. 16 Left renal vein. Normal course and anatomic 
variants. (a) Colour Doppler sonography. Normal left renal 
vein (arrow) crosses anterior to the aorta and drains into 
the inferior vena cava on the right. (b) Gray scale image of 
a retroaortic left renal vein, located between the aorta 
(arrowhead) and a lumbar vertebra (asterisk). (c) 
Corresponding colour Doppler sonography image demon- 
strates the retroaortic course of the left renal vein with 


Fig. 17 CT of the abdomen, Maximum intensity projec- 
tion (MIP) image in oblique transverse plane. Circumaortic 
left renal vein, an incidental finding. Two left renal vein 
branches encircle the aorta circumferentially from ante- 
rior and posterior (arrowheads), draining into the inferior 
vena cava (asterisk) 


associated with deep venous thrombosis of the 
common femoral or iliac veins, and higher risk 
for development of varicocele in males or pel- 
vic varices/pelvic congestion syndrome in 
females (Spentzouris et al. 2014). Moreover, 
they may pose specific challenges during renal 


caliber narrowing (arrow) and colour aliasing effect, indic- 
ative of turbulent and accelerated blood flow within the 
compressed vessel. This patient had developed mild symp- 
toms of “posterior nutcracker syndrome.” (d) Colour 
Doppler sonography in a different patient incidentally 
demonstrates the retroartic course of the left renal vein 
without significant narrowing of its lumen. No symptoms 
of “posterior nutcraker syndrome” were clinically evident 


or retroperitoneal surgery (Nam et al. 2010). 
Compression of the retroaortic renal vein 
between the aorta and lumbar vertebrae may 
lead to venous drainage impairment on the left 
kidney, which may clinically be presented with 
flank pain, hematuria, proteinuria, and hyper- 
tension, and is known as “posterior nutcracker 
syndrome” (Waseem et al. 2012; Alaygut et al. 
2013). Another common variant is extrahilar 
confluence of the renal venous branches. 


2.1.5 Neonatal Kidney 

by Ultrasonography 
The US of the neonatal kidney is characterized 
by typical findings (Fig. 4): 


e The increased cortical echogenicity: the echo- 
genicity is usually equal to that of the adjacent 
liver and spleen; an increased cortical echo- 
genicity in older children usually indicates 
renal parenchymal disease. 
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e The medullary pyramids are prominent and 
relatively hypo- or even nearly anechoic. 
Furthermore, a transient increase of the echo- 
genicity of the distal medullae and (pre-) papil- 
lary region due to physiologic tubular deposits 
is a normal finding known as transient renal 
medullary, hyperechogenicity earlier used to 
be called “Tamm Horsfall Syndrome” (Howlett 
et al. 1997) (see also chapter “Diagnostic 
Procedures: Excluding MRI, Nuclear Medicine 
and Video-Urodynamics”’). 

e Central sinus echoes are absent or reduced. 

e Grooves (renculation residuals) are on the 
surface. 


Morphometric studies provide an anatomic 
basis for understanding this sonographic appear- 
ance (Hricak et al. 1983; Dunnill and Halley 
1973; McRory 1978). 


e Glomeruli occupy proportionally a much 
greater volume of the renal cortex during the 
first 2 months of life than at any later time. The 
number of glomeruli reaches a maximum at 36 
gestational weeks. In the normal kidney, the 
number of nephrons remains constant from 36 
weeks of gestational age to 40 years of age. In 
the neonatal period, the glomeruli occupy 18 % 
of the volume of the cortex as compared with 
the mean volume of 8.9% in the adult kidney. 
Furthermore, in mature neonates, 20% of the 
loops of Henle are still present within the cor- 
tex of the kidney at birth. Thus, the cortex usu- 
ally appears broader than later in life. 

e In the neonate, the medulla occupies a pro- 
portionally larger cortico-medullary volume 
than it does later in life. The hypoechoic 
appearance of the medulla might also be a 
relative impression secondary to increased 
cortical echogenicity. 

e A lack or paucity of adipose tissue as deter- 
mined at gross and microscopic inspection 
would readily explain the absent or reduced 
dense central sinus echoes. 

e The fetal lobulation is still present. 


This sonographic appearance of the neonatal 
kidney can be seen up to the age of 6 months. By 7 


months, the renal parenchyma shows the adult pat- 
tern. The central sinus echoes gradually increase 
with age, and a high-intensity adult pattern is seen 
in most teenagers (Han and Babcock 1985). 


Take Away 

The junctional parenchymal defect should 
not be mistaken for a renal scar. The seg- 
mental arteries have no collateral circula- 
tion. The sonographic appearance of the 
kidneys for the first months differs from 
that later in life. 


2.2 The Pelvicalyceal System 


and the Ureters 


The renal pelvis varies in size. The pelvis may lie 
entirely within the renal sinus—intrarenal pelvis — 
or almost entirely outside it — extrarenal pelvis. An 
extrarenal pelvis can be found in approximately 
10% of the population and is considered a normal 
anatomic variant without clinical significance 
(Katzir et al. 2005). However, given the fact that an 
extrarenal pelvis is not confined by the structures 
of the renal hilum, it can be more distensible com- 
pared to the intrarenal pelvis, thus mimicking 
obstructive pathology, parapelvic cyst, or collec- 
tion. In that case careful examination will reveal 
the coalescence of the renal calyces outside the 
borders of the renal hilum (Fig. 18). In newborns 
and small infants, the pelvis is often small and 
intrarenal and usually points medially instead of 
downwards. 


Fig. 18 MRI. T2-weighted sequence with fat suppres- 
sion. The renal pelvis projects outside the renal hilum 
(asterisk) without any calyceal dilatation being noted 
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There is a great variation in the configuration 
of the pelvicalyceal system. The pelvi-ureteric 
junction (PUJ) is sometimes sharply defined, 
sometimes difficult to localize. Filling defects or 
narrowing at the PUJ without pelvicaliceal dila- 
tation due to transient contractions or mild and 
insignificant narrowing is common findings. A 
persistence of normal fetal characteristics is 
sometimes encountered in unobstructed ureters 
of newborns and infants as mild ureteral elonga- 
tion and tortuosity, mild widening of the mid- 
ureter, and short kinks or intraluminal mucosal 
folds in the proximal ureter. 

The ureters in children may be highly mobile 
and can be displaced by distended bowel loops. 
Because of continuous peristaltic activity, a nor- 
mal ureter is not commonly seen in its entirety on 
a single urographic film. The normal ureter 
courses obliquely within the bladder wall through 
the bladder musculature and then submucosally 
to end in the lateral upper corner of the trigone 
(Currarino et al. 1993). 


2.3 The Urinary Bladder 

The bladder is divided into the vertex, body, and 
fundus. The trigone is the posterior aspect of the 
bladder base. This triangular space is formed by 
the two ureteral orifices superolaterally and by 
the internal urethral meatus inferiorly in the 
midline. The trigonal or interureteral ridge, the 
transverse ridge between the two ureteral ori- 
fices, may produce a transverse linear defect in 
the frontal projection when the bladder is 
incompletely filled with contrast material. 

An incompletely filled bladder in infants occa- 
sionally shows a transient unilateral or bilateral 
herniation of its inferolateral wall into a dilated 
internal inguinal ring. This condition has been 
observed during VCUGs in up to 10% of infants 
and is known as “bladder ears” (Fig. 19) (Allen 
and Condon 1961). These “bladder ears” disap- 
pear when the bladder is fully distended. Its occur- 
rence is probably related to the musculature 
immaturity coupled with the fact that in infants 
and children the urinary bladder, even when empty, 


Fig. 19 VCUG in a 4-month-old female. Pulsed fluoros- 
copy with “last image hold” feature and image contrast 
inversion. Bladder ears. Bilateral herniation of the urinary 
bladder into the inguinal canal (arrowheads) 


is predominantly located within the abdomen and 
thus in a close proximity to the internal inguinal 
ring. With aging the bladder assumes a true pelvic 
position and this condition resolves by itself. The 
bladder begins to enter the greater pelvis at about 
6 years of age, but it does not enter the lesser pelvis 
and become a pelvic organ until after puberty 
(Moore 1992). The same phenomenon has also 
been detected with the adnexal structures in the 
lateral-posterior compartment and is usually better 
depicted by US than by VCUG. 

The bladder neck is the poorly delineated 
junction between the bladder and urethra at the 
level of the internal urethral sphincter. At the 
beginning of voiding, the bladder floor descends 
and becomes funnel-shaped and in continuity 
with the proximal urethra. At the end of void- 
ing, the bladder base ascends to its normal posi- 
tion. A wide bladder neck and a dilated proximal 
urethra during voiding (wide bladder neck 
anomaly and spinning top urethra, respectively) 
are variants that will be discussed in the chapter 
on non-neurogenic bladder-sphincter dysfunc- 
tion (functional disorders of the lower urinary 
tract). 
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Take Away 

The bladder begins to descend from the 
abdomen into the pelvis major at about 6 
years of age. 


2.4 The Male Urethra 

The male urethra is divided into a posterior and 
an anterior segment (Fig. 20a) (Allen 1970). 
The posterior (or proximal) urethra is the pros- 
tatic urethra, extending from the bladder neck to 
and through the urogenital diaphragm. This part 
is surrounded by the prostate and lowers by the 
external urethral sphincter. In the posterior 
urethra, there are a number of anatomical land- 
marks: (1) The verumontanum is an oval swell- 
ing of approximately half a centimeter in length. 
(2) Inferiorly, two thin folds, or fins, can encir- 
cle the urethra, completely simulating mild pos- 
terior urethral valves. (3) A thin horizontal 
mucosal fold in the anterior wall of the urethra 


a Anterior 


Trigonum 


Incisura of internal sphincter 


Urogenital diaphragm 


Suspensory ligament 


b Anterior 


Trigonum 


Incisura of 
internal sphincter 


Urogenital diaphragm 


Posterior 


Pars prostatica 


Membranous urethra 


Posterior 


nterureteral ridge 


opposite the verumontanum is called the inci- 
sura (Fig. 21). (4) At the apex of the verumonta- 
num, a small diverticulum of the urethra 
corresponds to the prostatic utricle. (5) 
Numerous openings of the prostatic ducts are on 
the wall of the posterior urethra; sometimes 
contrast material refluxes into the prostatic 
ducts without distal urethral obstruction. (6) 
Slightly below there are the openings of the two 
ejaculatory ducts; sometimes reflux also occurs 
here without a known cause. (7) The urogenital 
diaphragm normally causes a circumferential 
narrowing at the distal end of the posterior ure- 
thra (Fig. 2.22). Beyond this narrowing is the 
membranous urethra, a poorly defined zone, 
tending to be less distensible than the more 
dilated bulbous portion below it. 

The anterior (or distal) urethra is the cavern- 
ous or spongy urethra, divided by the suspen- 
sory ligament of the penis into a proximal, 
bulbar urethra and a distal, pendulous, or penile 
urethra. On the floor of the bulbar urethra are 
the two openings of the ducts of the Cowper 


Fig. 20 Diagram of urethrogram and fluoroscopic urethrogram (during voiding on VCUG) showing landmarks of 


normal structures. (a) Male, (b) female 
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Fig. 21 Voiding image during VCUG in an 8-week-old 
boy with a normal urethra. The incisura (arrow) in the 
anterior wall is a common anatomical variant 


Fig. 22 VCUG in a 2-year-old boy with a normal ure- 
thra. The slight narrowing (large arrow) at the junction 
between the posterior and the anterior urethra corresponds 
to the urogenital diaphragm. The duct of one Cowper 
gland is visualized by reflux (double arrow) 


glands. Reflux into these openings during 
VCUG in normal children is possible (Fig. 22). 
Throughout the anterior urethra are numerous 
openings of the urethral glands of Littré and the 
lacunae of Morgagni, seldom seen radiographi- 
cally. During VCUG in uncircumcised patients, 
contrast material may accumulate between the 
glans penis and the prepuce with a typical radio- 
graphic pattern. 
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Fig.23 VCUG in a 9-year-old-girl. (a) Influx of contrast 


material into the vagina during micturition. (b) 
Vaginogram after micturition 


2.5 The Female Urethra 

A diagram of the female urethra is shown in Fig. 
(Allen ). The female urethra has many varia- 
tions in its normal appearance, depending on the 
degree of relaxation of the external urethral sphinc- 
ter and musculature of the pelvic floor during mic- 
turition. Influx of contrast material into the vagina 
during micturition is a very frequent finding without 
significance — although it may explain some clinical 
findings in some girls with “recurrent infections” or 
may lead to a thorough clinical inspection eventu- 
ally reveling a labial synechia, as such this finding 
needs to be mentioned in the report (Fig. 23) (Allen 

; Currarino et al. ). 
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Conclusion 

The normal male urethra shows variations in 
caliber in the different segments. The female 
urethra varies in appearance on VCUs. 
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2 The Normal Aspects 
of the Urinary Tract 
2.1 Ultrasound (US) 
Depending on the acoustic quality of an ultra- 
sound examination, the fetal kidneys can be seen 
at around 12 weeks with transabdominal probes. 
During the first trimester, the kidneys appear as 
hyperechoic oval structures at both sides of the 
spine (Fig. 1) (Avni et al. 2002, 2007). This echo- 
genicity will progressively decrease, in parallel 
with the visualization of a cortico-medullary dif- 
ferentiation that will begin around 14—15 weeks, 
which should always be visible in fetuses older 
than 18 weeks (Fig. 2) (Devriendt et al. 2013). 
The kidneys will grow in size, and — as a rule — a 
normal kidney grows at a rate of 1.1 mm per week 
of gestation (length). Measurements should be 
referred to the tables (van Vuuren et al. 2012). An 
axial scan centered on the hilum of the kidneys is 
performed in order to measure the renal pelvis. 


Fig. 1 Normal fetal renal US in early pregnancy. 
Parasagittal US scan of the abdomen of a 14-week-old 
fetus. The kidney appears like a hyperechoic mass 
(arrow) and the bladder like a pelvic liquid structure 
(arrowhead) 
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Fig. 2 Normal fetal renal US. Parasagittal US scan of a 
well-differentiated kidney at 28 weeks of gestational age. 
Notice the hypoechoic aspect of the pyramids allowing 
depiction of cortico-medullary differentiation (arrow) 


The pelvis measurement should not exceed 4 mm 
in the second and 7 mm in the third trimester. The 
bladder is visible from the ninth week of gestation, 
thanks to its own fetal urinary production. It is 
seen as a small anechoic structure surrounded by 
the two umbilical arteries in the fetal pelvis 
(Fig. 3). The bladder should always be seen dur- 
ing sonographic examinations, and its filling- 
emptying cycle is around 25 min (Lee et al. 2010). 


Take Away 

The sonographer should be aware of the 
physiological developmental changes of 
the kidneys during pregnancy. 


2.2 Fetal Magnetic Resonance 


Imaging (MRI) 


Fetal MRI is mostly performed later in preg- 
nancy. In the second trimester, US has a better 
spatial resolution. In the third trimester, 
secondary to the increase in fetal volume and 
decrease in its mobility, MRI becomes a very 
performing tool for imaging the fetal urinary 
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Fig. 3 Normal fetal bladder US. Axial US scan centered 
on the bladder (arrow) of a 22-week-old fetus. The blad- 
der is surrounded by the two umbilical arteries encoded in 
blue and red on color Doppler sonography 


tract, thanks to its large field of view and excel- 
lent contrast resolution (Cassart et al. a, 

). Still, it is only performed in cases for which 
US has not completely elucidated the malfor- 
mation. The sequences used are mostly T2 
weighted. They are performed in three orthogo- 
nal planes according to the fetus. The parame- 
ters of the TSE sequence are as follow (TE, 
80 ms; TR, 8130 ms; slice thickness, 3.5 mm; 


Fig. 5 Normal fetal urinary tract - MRI. (a) Axial 
T2-weighted MR image on the pelvis of a 30-week-old 
fetus. The bladder appears like a hyperintense pelvic 
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Fig. 4 Normal fetal kidney — MRI. Sagittal T2-weighted 
MR image centered on a normal right kidney (arrow) in a 
31-week-old fetus. The cortico-medullar differentiation is 
not depictable 


acquisition time, 16 s.) On these sequences, the 
kidneys appear like intermediate signal struc- 
tures (Fig. 4). The cortico-medullar differentia- 
tion is presently not or only poorly visible on 
MRI. On the contrary, the renal cavities and the 
bladder, filled with urine, are easily seen as 
hyperintense structures (Fig. 5). Diffusion 
sequences in conjunction with anatomical 
sequences can be interesting in cases of sus- 


Preg 


structure (arrow). (b) Axial T2-weighted MR image on 
the abdomen of the same fetus. The normal renal cavities 
filled with urine appear hyperintense (arrows) 
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pected nephropathies or parenchymal insults 
(renal vein thrombosis, dysplasia), as well as 
poorly depictable ectopic kidneys (Chaumoitre 
et al. 2006; Witzani et al. 2006). MRI, better 
than US, allows the differentiation of the uri- 
nary tract from the digestive tract (Fig. 6), as 
both present a specific signal due to their 
respective urine or meconium contents: on 
Tl-weighted sequences, meconium appears 
hyperintense helping to identify the digestive 
tract; the parameters of the FFE T1-weighted 
sequence preferably performed during breath 
hold are TR/TE of 152/4.6, slice thickness of 
4 mm, and acquisition time of 17 s. This may be 
of great interest in complex malformations 
involving both urinary and digestive tracts such 
as cloacal dysgenesis. 


Fig.6 Normal fetal pelvic — MRI. Sagittal T2-weighted 
MR images performed on a 32-week-old fetus showing 
the normal spontaneous different signal of the bladder (B) 
and rectosigmoid (arrow) 


Take Away 

MRI is a helpful complementary tool to US in 
imaging the fetal urinary tract, thanks to its 
greater contrast resolution, particularly help- 
ful in difficult case or equivocal US results. 


M. Cassart 


3 Fetal Uropathies 
Obstructive Uropathies 


Pelvi-ureteric Junction 
Obstruction 

This malformation consists in a functional or 
anatomical obstruction to the urine flow between 
the renal pelvis and the ureter. It may be 
secondary to an intrinsic anomaly (collagen, 
muscle) or an extrinsic compression (crossing 
vessels, tumor, etc.). It occurs in 13% of chil- 
dren with antenatal diagnosis of renal pelvis 
dilatation (Ismaili et al. 2004). On prenatal US, 
the renal pelvis is enlarged without dilatation of 
the ureters or bladder. It should be suspected in 
case with moderate (10-15 mm) or severe 
(larger than 15 mm) dilatation, when the renal 
calices appear round shaped, or in the presence 
of a perirenal urinoma (Ismaili et al. 2005a, b) 
(Fig. 7). Prognosis may be poor in bilateral 
cases associated with oligohydramnios. The 
aspect of the renal parenchyma is important for 
the prognosis: cortical hyper-echogenicity, 
reduced renal parenchymal thickness, and 
parenchymal cysts are predictors of a poorer 
outcome. 


3.1.1 


Fig. 7 Fetal US in pelvi-ureteric junction obstruction. 
Axial US scan showing the dilated round-shaped pelvic 
cavity of the right kidney (+ +) in a pelvi-ureteric junc- 
tion stenosis in a 26-week-old fetus. Adjacent to the kid- 
ney, an urinoma is present due to the pelvic rupture 
(arrow) 
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3.1.2 Ureterovesical Junction 
Obstruction (Megaureter) 

In utero, under normal conditions, the fetal ure- 
ters should not be visualized. On US, an enlarged 
“megaureter” presents like a serpentine fluid- 
filled structure potentially associated with dilated 
renal cavities (Fig. 8). The ureter may be dilated 
because of mechanical obstruction or because of 
a (segmentally) dysplastic wall of the ureter at 
the level of the ureterovesical junction. 
Nonobstructive etiologies such as high-grade 
vesicoureteric reflux (VUR) are secondary to a 
lack of normal valve-like mechanism or normal 
ureteral tonus and peristalsis at the ureterovesical 
junction. In the fetus, the differential diagnosis 
between the two entities is difficult. In both cases, 
the renal cavities can be dilated. Megaureter can 
also be encountered in fetuses with urethral 
obstruction (posterior urethral valves) because of 
associated uni- or bilateral VUR (also see chap- 
ters “UTI and VUR” and “Vesicoureteric 
Reflux)”. The etiology of the dilated ureter will 
be clarified after birth on voiding cystography 
that will confirm or exclude a VUR. 


3.1.3 Urethral Obstruction 
In the fetus, an obstacle on the urethra can be sus- 
pected when the bladder appears constantly 


enlarged. When encountered in the first trimester, 
the most common causes are prune belly syn- 
drome and fibro-urethral stenosis (Fig. 9). A sig- 
nificant proportion of these cases is associated 
with chromosomal and/or multiple congenital 
anomalies and carry a poorer prognosis (Jouannic 
et al. 2003). In the second trimester, the most 
common cause of lower urinary tract obstruction 
in male fetuses is a posterior urethral valve (PUV) 
which is an abnormal mucosal fold between the 
lateral urethral wall and the distal end of the veru- 
montanum. On US, failure of the bladder to empty 
during a lasting examination, a thickened bladder 
wall, abnormal kidneys and oligohydramnios 
must raise the suspicion of a PUV. Under favor- 
able US conditions, the dilated proximal urethra 
may take the aspect of a keyhole (Fig. 10). This 
sign is suggestive but not specific of PUV. In some 
cases, urinary ascites and urinoma may be seen 
secondary to bladder or renal collecting system 
rupture (Fig. 10). This phenomenon was thought 
to be a protective pop-off mechanism, although 
recent reports critically discuss this aspect 
(Spaggiari et al 2013). 

In many cases, there is only a partial urinary 
obstruction, and amniotic fluid volume can be 
maintained throughout pregnancy. Sometimes 
spontaneous rupture of valves may occur prena- 


Fig. 8 Fetal US in megaureter. Axial US scan on the 
abdomen of a 28-week-old fetus showing a serpentine 
fluid-filled structure corresponding to the dilated ureter 
(arrow) 


Fig. 9 Fetal US in prune belly syndrome. Sagittal US 
scan of a 16-week-old fetus with distended bladder 
(arrow) in a context of prune belly syndrome (confirmed 
on postmortem examination) 
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Fig. 10 Fetal US of the proximal urethra in PUV. Axial 
US scan centered on the pelvis of a 30-week-old fetus 
presenting a urethral valve. There is ascites (A). The 
posterior dilated urethra is visible (arrow) below the 
bladder (B) 


tally with the reappearance of a normal cyclical 
bladder emptying. Diagnosis before 24 weeks, 
oligohydramnios, and increased renal cortical 
echogenicity with the absence of cortico- 
medullary differentiation are the most reliable 
indicators for a poor prognosis (Morris et al. 
2009). Renal parenchymal lesions are second- 
ary to the obstruction (dysplasia) but also to the 
frequently associated high-grade VUR (see 
below). 


Take Away 

Whatever the level of the obstruction and 
the coexistence of a possible associated 
VUR, the main prognostic factors are the 
aspect of the renal parenchyma and the 
amount of amniotic fluid. 


3.2 Uretero-pelvic Duplication 

The term renal duplication includes a complete 
or partial duplication of the kidney and ureters. 
The kidney presents two pelvi-caliceal systems 
drained either by a complete duplicated set of 
ureters or a bifid ureter with two proximal ureters 
that fuse somewhere above the ureterovesical 
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junction. On fetal US, the kidney presents two 
sinuses separated by a parenchymal bridge 
(Whitten and Wilcox 2001). Cases with non- 
dilated cavities have no renal functional impair- 
ment and are considered as normal variants; these 
may be more difficult to depict. However, a pro- 
portion of duplex kidneys may be associated with 
significant pathology, due to the presence of 
associated VUR and/or obstruction (Fig. 11). 
Vesicoureteral reflux usually occurs into the 
lower pole ureter and can be of a high grade. 
Obstruction mostly involves the upper moiety. It 
may be associated with an obstructive uretero- 
cele although obstruction of the upper pole may 
also occur secondary to an ectopic insertion or an 
isolated vesicoureteric junction obstruction, with 
a high incidence of parenchymal dysplasia 
(Whitten and Wilcox 2001). On fetal US, these 
“complicated” duplications should be suspected 
in the presence of two separate noncommunicat- 
ing renal pelves, dilated ureters, cystic structures 
within one pole (more frequently the upper pole), 
and a cystic dilatation of the distal ureter seen 
within the bladder corresponding to the uretero- 
cele (Fig. 12). In very complex cases (huge dila- 
tation, renal dysplasia, ectopic ureteral insertion) 
when US is unclear, MRI may help in the under- 
standing of the malformation (Cassart et al. 


Fig. 11 Fetal US in duplication. Coronal US scan of a 
duplex kidney in a 32-week-old fetus. The two pelvic 
cavities are dilated (arrows) — this is a complicated 
duplication 
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Fig. 12 Fetal US of an ureterocele. Axial US scan per- 
formed on the bladder of a 20-week-old fetus with a 
duplex kidney. The scan shows a cystic dilatation of the 
distal ureter seen within the bladder corresponding to an 
ureterocele (arrow) 


a). In cases with huge ureteral dilatation, the 
differentiation with dilated bowel may be diffi- 
cult on US. Thanks to the specific T2 hypersignal 
of their liquid content, the ureters can more easily 
be identified on MRI; sometimes also their ecto- 
pic insertion can be diagnosed (Fig. 13). 
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Take Away 

MRI better than US may help in depicting 
the precise anatomy of complex duplicated 
systems. 


3.3 Refluxing Uropathy/ 


Vesicoureteric Reflux 


Vesicoureteric reflux (VUR) is defined as the 
retrograde flow of urine from the bladder 
upward into the ureters, sometimes the renal 
pelvis, calyces, and even intrarenally into the 
collecting ducts. It is secondary to an anomaly 
of the ureterovesical junction or secondary to 
an ectopic insertion of the ureter in cases of 
ureteral duplication (the respective ostium is 
usually seen more lateralized and more crani- 
ally). On fetal US, VUR should be suspected in 
cases of a dilated renal pelvis at the second or 
third trimester (more than 4 or 7 mm, respec- 
tively), particularly if associated with varying 
axial diameter. Fetal renal pelvis dilatation is 
secondary to VUR in 11-30 % of cases (Ismaili 
et al. ). Some additional sonographic find- 


Fig.13 Fetal MRI of a complicated renal duplication. (a) 
Coronal T2-weighted MR image of a 30-week-old female 
fetus with left duplex kidney. The upper pole is dysplastic 
with cysts (arrowhead) and drained by a megaureter 


(arrow). (b) More caudal axial T2-weighted MR image on 
the pelvis of the same fetus, the ureter is seen under the 
bladder neck suggesting an ectopic (vaginal) insertion, 
which was confirmed after birth 
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Fig. 14 Fetal US in reflux. Sagittal US scan performed 
on a 32-week-old fetus. The bladder is enlarged (arrow). 
The kidney presents dilated cavities (arrowhead) and a 
thinned hyperechoic parenchyma (+ +). High-grade VUR 
was confirmed after birth 


ings may support the diagnosis of VUR; those 
signs include variable renal collecting system 
dilatation during real-time scanning, pelvi-cali- 
ceal wall thickening, ureteral enlargement, and 
megabladder (without wall thickening) 
(Grazioli et al. 2010). The arguments support- 
ing the importance of antenatal diagnosis of 
VUR derive from an increased risk of postnatal 
infection and progressive functional decline in 
untreated newborns and children with high- 
grade VUR and urinary tract infections, 
although some fetuses already have renal 
lesions due to the disease, namely, associated 
congenital dysplasia. Those cases may be 
detected on prenatal US, and the renal paren- 
chyma then appears thinned, hyperechoic, and 
undifferentiated (Fig. 14). 


Take Away 

Refluxing uropathy may be suspected on 
prenatal US, however the diagnosis should 
always be confirmed on postnatal imaging 
as prenatal findings are not specific. 
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4 Fetal Nephropathies 
4.1 Multicystic Dysplastic Kidneys 
(MCDK) 


Multicystic dysplastic kidneys result from an 
aberrant development of nephrogenic and ductal 
structures in which the underlying etiology 
seems to be a very early urinary tract obstruc- 
tion. In MCDK, the kidney is composed of 
undifferentiated and metaplastic tissues in asso- 
ciation with cysts (Fig. 15). The kidney is often 
increased in size during fetal life and often 
shrinks during the first years of life. The ipsilat- 
eral ureter is commonly abnormal: atretic, 
absent, ectopic, with or without ureterocele, or 
dilated due to a possible urinary tract obstruc- 
tion. There is an increased risk of associated 
genital malformations. MCDK may also develop 
in the upper part of a duplex system or be located 
in an ectopic position. Because MCDK are non- 
functional, careful examination of the contralat- 
eral kidney is essential because there is a higher 
incidence of associated pathologies (Fig. 16) 
(Ismaili et al. 2005c). 


Fig. 15 Fetal US in MCDK. Sagittal US scan performed 
on a 34-week-old fetus. The multicystic kidney (+ +) is 
large and almost fills the entire abdominal cavity. There is 
no renal parenchyma and no renal cavities (Courtesy 
Dr.L.Tecco) 
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Fig. 16 Fetal US in ectopic MCDK. Coronal US scan 
performed on a 24-week-old fetus. The small multicystic 
kidney is in a pelvic location (+ +). The contralateral kid- 
ney presents with huge pelvi-caliceal dilatation (arrow), 
which worsens the prognosis 


Take Away 

MCDK is a dysplastic nonfunctioning kid- 
ney resulting from early urinary tract 
obstruction. The normality of the contralat- 
eral kidney is determinant in the prognosis. 


4.2 Polycystic Kidneys 

Polycystic kidneys are congenital renal malfor- 
mations of hereditary origin with dominant or 
recessive transmission (Avni et al. 2012). 

4.2.1 Autosomal Dominant Polycystic 
Kidney Disease (ADPKD) 

ADPKD is a common hereditary kidney dis- 
ease. The abnormality consists of a cystic 
dilatation of any parts of the nephron, which 
causes the kidneys to enlarge (Wilson 2004). 
Although usually there is a late age of clinical 
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Fig. 17 Fetal US in ADPKD. Axial US scans performed on 
a 31-week-old fetus. The kidneys are enlarged with increased 
echogenicity of the cortex (compared to the adjacent liver). 
The mother is affected by ADPKD. The mutation (PKD1) 
was confirmed in the newborn (Courtesy Dr. A.Cogan) 


onset of this disorder, early detection in the pre- 
natal period has been reported (Brun et al. 
2004). The most common presentation in utero 
consists in slightly enlarged kidneys with 
increased cortico-medullary differentiation due 
to cortical hyper-echogenicity (Fig. 17). Cysts 
are unusual but can occur in utero. According to 
this pattern and the family history, the diagnosis 
of recurrence can be suspected and the mutation 
searched. Another pattern similar to the one of 
the recessive type has also been described with 
poorer prognosis. 


4.2.2 Autosomal Recessive Polycystic 
Kidney Disease (ARPKD) 

ARPKD is another hereditary kidney disease that 
belongs to the family of cilia-related disorders. 
The disease is characterized by dilated collecting 
tubules in the medulla. The cortex is less affected 
since it contains fewer tubules. The classical in 
utero US pattern of ARPKD includes markedly 
enlarged (>4 SD) hyperechoic kidneys without 
cortico-medullary differentiation. This appear- 
ance can be observed in the second trimester. The 
patterns may evolve to a reversed cortico- 
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Fig. 18 Fetal US in ARPKD. Coronal US scan per- 
formed on a 33-week-old fetus showing enlarged kidneys 
with cortico-medullar inversion and oligohydramnios. 
This association is suggestive of ARPKD. The diagnosis 
was confirmed on histological data (Courtesy Dr. C. Garel) 


medullary differentiation due to the presence of 
material within the dilated tubules (Wilson 2004) 
(Fig. 18) in the third trimester. If associated, oli- 
gohydramnios and lung hypoplasia significantly 
worsen the prognosis. Differential diagnoses 
include several syndromes like Bardet-Bied1 syn- 
drome in which polydactyly is present (Cassart 
et al. 2004b). 


Take Away 

The prenatal sonographic diagnosis of a 
polycystic renal disease should lead to 
familial and genetical enquiries in order to 
establish a precise diagnosis. 


4.3 Renal Dysplasia 

In renal dysplasia, the parenchyma presents 
abnormal differentiation and organization. 
Hypoplasia corresponds to a reduction of the 
number of nephrons in small kidneys (below —2 
SD) (Ismaili et al. 2001). Both hypoplasia and 
dysplasia often coexist. They may be inherited or 


Fig. 19 Fetal US of a renal cystic dysplasia. Parasagittal 
US scan of a cystic dysplastic kidney (arrow) in a 
31-week-old fetus. The contralateral kidney is normal 


secondary to congenital causes (obstruction, 
VUR, etc.) (see above). On US, the kidneys 
appear small, sometimes hyperechoic (related to 
the amount of dysplasia), and sometimes with 
cystic structures (cystic dysplasia) (Fig. 19). 
Again, the prognosis in utero relies on the contra- 
lateral kidney; cases with oligohydramnios usu- 
ally have bilateral disease and have the poorest 
outcome (Winyard and Chitty 2001). 


4.4 Renal Vein Thrombosis 

Renal vein thrombosis is the most common vas- 
cular condition that may affect the fetal kidney. It 
mostly concerns the left kidney and the male 
fetus. Predisposing factors in utero are maternal 
conditions like diabetes, polycythemia, prothrom- 
botic abnormalities (protein C or S deficiency, 
factor V Leiden mutation, lupus anticoagulant, 
and antithrombin III deficiency) or twin pregnan- 
cies (Marks et al. 2005; Weber et al. 2014), and 
fetal conditions like ascites or digestive occlusion. 
However, the origin of the thrombosis is not 
always obvious. Sonographically, the fetal kidney 
appears enlarged with an undifferentiated hyper- 
echoic cortex (Fig. 20). Pathognomonic vascular 
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Fig. 20 Fetal US in a renal vein thrombosis. Axial US 
scan performed on the pelvic cavities of a 34-week-old 
fetus. The right kidney is undifferentiated, enlarged, and 
hyperechoic (arrows), whereas the left appears normal, 
with only mild pelvic distention. The diagnosis of renal 
vein thrombosis was suggested because of acuteness and 
unilaterality of the affection. The factor V Leiden muta- 
tion was found in the father 


streaks (possibly representing hemorrhagic 
infarctions or thrombotic parts) may be visible in 
the interlobar areas. Thrombus in the inferior vena 
cava should be searched as well as associated 
adrenal hemorrhage that appears like a suprarenal 
mass. Color and pulsed Doppler US may be used 
in the early stages of renal vein thrombosis, intra- 
renal and renal venous flow and pulsatility may be 
absent, and renal arterial diastolic flow may be 
decreased or even inverted, with a raised resistive 
index. Collateral vessels develop very rapidly, and 
in most cases, the kidney quickly recovers a nor- 
mal aspect with no consequences on further renal 
development (60-80%). In unfavorable out- 
comes, the kidney shrinks and its function is 
altered (Has et al. 2014). 


Take Away 

Renal vein thrombosis should be suspected 
in cases of acute (most frequently unilat- 
eral) changes in renal size and aspect. 


5 Fetal Bladder Anomalies 


5.1 Megabladder 

In the first trimester, a bladder is considered 
enlarged if superior to 10 mm in height on a 
sagittal long-axis scan. As previously mentioned, 
at this gestational age, such finding carries a 
poor prognosis because they are frequently 
associated with chromosomal anomalies or part 
of a syndrome (such as prune belly) (also see 
chapter “Imaging in Prune Belly Syndrome and 
Other Syndromes Affecting the Urogenital 
Tract”). Later in pregnancy, a megabladder is 
defined as a cephalocaudal diameter superior to 
three cm in the second trimester and to five cm 
in the third trimester. At this age, megabladders 
are mainly due to outflow obstruction or to a 
major bilateral VUR (Pinette et al. 2003; 
Osborne et al. 2011). 

In cases of outflow obstruction, the bladder 
wall is thickened and irregular, the posterior ure- 
thra is enlarged (“key hole” sign) (Fig. 10), and 
the upper urinary tract may be dilated. The 
obstruction can be secondary to a urethral valve 
(male fetus) or to an obstructive ureterocele (in a 
context of duplication). 

In case of high-grade VUR, the bladder wall 
is thin and often the upper urinary tract is dilated 
(see previous paragraph). It is often difficult to 
make a clear distinction between both etiolo- 
gies, as they may be simultaneously present and 
therefore associated with mixed imaging 
characteristics. 

In megacystis-microcolon hypoperistalsis 
(MMH) syndrome, the megabladder is of dys- 
plastic origin. It is a degenerative affection of 
the smooth muscle that affects the bladder but 
also the digestive tract. This autosomal reces- 
sive syndrome mostly concerns female fetuses 
and carries a very poor prognosis (Muller et al. 
2005). It can be excluded by MRI during the 
third trimester because the colon is well visual- 
ized at that time. A normal aspect of the colon 
reasonably allows exclusion of the diagnosis 
(Fig. 21). 
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Fig.21 Fetal MRI of a megabladder. Sagittal T1-weighted 
MR image. The bladder (B) is enlarged, but the hyperin- 
tense colon is normal in size, position, and aspect reason- 
ably allowing exclusion of a megacystis-microcolon 
syndrome 


Take Away 
Megabladder is an easy US diagnosis, and 
the etiologies are numerous. The prognosis 
relies on the time of discovery, the size of 
the bladder, and the presence of associated 
anomalies. 


5.2 Bladder Exstrophy 

Persistent non-visualization of the bladder during 
more than 25 min (the normal filling-emptying 
cycle time) is worrying. It may be due to abnor- 
mal urine production in case of renal dysplasia 
(see above). In this context, the amniotic fluid is 
reduced. 

It can also be secondary to an inability to 
store urine in the bladder, for example, in cases 
of bladder or cloacal exstrophy (Wilcox and 
Chitty 2001). On imaging, no bladder is seen 
between the two umbilical arteries that appear 
closer one to the other and parallelized 
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Fig. 22 Fetal MRI in a bladder exstrophy. Axial 
T2-weighted MR image performed on the pelvis of a 
25-week-old fetus. No (fluid-filled, T2 hyperintense) uri- 
nary bladder can be seen between the parallelized umbili- 
cal arteries (arrow). The diagnosis of bladder exstrophy 
was confirmed on fetopathology 


(Fig. 22). The anterior wall of the bladder is 
absent and the bladder is opened anteriorly. 
There is no muscle or conjunctive tissue in the 
abdominal wall. The amniotic fluid and the 
kidneys are generally normal. It is a congenital 
malformation of the midline that may affect 
the abdominal wall, the bladder, the urethra, 
the genital organs and sometime the spine 
(“OEIS”: malformative complex including 
omphalocele, exstrophy, anal imperforation, 
spinal dysraphism). The functional prognosis 
of all these malformations is very poor. As 
bladder exstrophy is very rare (1 upon 30,000 
live births), fetal MRI may be useful 
particularly in complex situations to better 
understand and define the anatomy of the fetal 
pelvis (Martin et al. 2004). 


Take Away 

The absence of visualization of the bladder 
in a fetus with normal kidneys and normal 
amniotic fluid should raise the diagnosis of 
bladder exstrophy. 
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6 Complex Lower Urinary 
Tract Malformations 


These malformations result from a failure of divi- 
sion between the urinary, Mullerian, and digestive 
tracts. It may lead to a single common channel 
(cloaca) or two channels: a common genitouri- 
nary channel (urogenital sinus) separated from 
the digestive tract (Winkler et al. 2012). These 
malformations can be suspected on US when the 
normal anatomy of the bladder, uterus, rectum, 
and anal dimple cannot be displayed, when an 
abnormal medial pelvic cystic lesion is present 
(52 %), or when there is a dilatation of the diges- 
tive tract or an abnormal echogenicity of its con- 
tent (Pohl-Schickinger et al. 2006). Yet, the 
antenatal diagnosis of such malformations is still 
low (16%) and the differentiation of the subtypes 
even more difficult. 

Fetal MRI is a very interesting complemen- 
tary tool in the diagnosis of such malformations 
(Farhataziz et al. 2005; Calvo-Garcia et al. 2013). 
It is an excellent technique for documenting the 
size, signal content, and location of the rectum 
according to the other pelvic structures. The rec- 
tal pouch should normally be seen 10 mm below 
the bladder neck. It appears hyperintense on 
Tl-weighted sequences and hypointense on 
T2-weighted sequences (Fig. 6). The normal 
bladder presents the opposite signal and therefore 
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can easily be differentiated from the digestive 
tract. Abnormal signal of the digestive tract con- 
tent (decreased hyperintensity on T1 and 
increased intensity on T2) suggests a communi- 
cation with the urinary tract. MRI also helps in 
the characterization of a cystic pelvic lesion 
based on its signal and shape, thus improving the 
differentiation between cysts, isolated hydrocol- 
pos, urogenital sinus, and cloacal dysgenesis 
(Picone et al. 2007). Meanwhile, the detailed 
anatomy of the malformation is often not possi- 
ble to be defined in utero. Neonatal US, MRI, and 
genital opacifications will be required to precise 
the anatomy of the malformation. 


6.1 Urogenital Sinus Anomalies 
Urogenital sinus malformation refers to incomplete 
separation between the urinary and the genital 
tract. There is a communication between the two 
systems, generally between the vagina and the ure- 
thra. The urogenital sinus is separated from the 
hindgut. Ultrasonography demonstrates a retroves- 
ical cystic lesion in the fetal pelvis due to a reflux of 
urine within the Mullerian structures (Fig. 23a). 
Urinary ascites is also frequent (Taori et al. 2010). 
Those malformations are often associated with 
upper urinary tract anomalies like renal agenesis, 
ectopia, dysplasia, and pyelocaliceal dilatation. 


Fig. 23 Fetal US and MRI of a urogenital sinus malforma- 
tion. (a) Axial US scan on the pelvis of a 32-week-old fetus, 
and there is a four-chamber structure behind the bladder 
corresponding to duplicated vagina (arrow) and duplicated 
uterus (arrow head) filled with urine. It is suggestive of a 
urogenital fistula with duplicated genital tract. (b) Axial 


T2-weighted image on the same fetus confirming the liquid 
content of the duplicated vagina (arrow) behind the bladder 
(B). (c) Coronal T1-weighted image on the same fetus dem- 
onstrating the normal recto sigmoid. It confirms that there is 
no communication with the digestive tract. The final diag- 
nosis was a urogenital sinus with duplicated genital tract 
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On MRI, the signal and position of the recto- 
sigmoid is normal because the digestive tract is 
completely separated from the urogenital tract 
(Fig. 23c). The urogenital sinus appears like a 
bilobated cystic structure, the bladder anteriorly, 
and the genital tract posteriorly (Fig. 23b). Often, 
the anal dimple is anteriorly placed. 


Take Away 

Urogenital sinus malformations should be 
suspected in fetuses with ascites and retro- 
vesical cystic lesion. 


6.2 Cloacal Dysgenesis 


It is the most complex type of malformation, 
characterized by direct communication between 
the gastrointestinal, urinary, and genital structure 
resulting in a single perineal opening. The cloa- 
cal malformation is very rare (1/40,000-50,000 


Fig. 24 Fetal US and MRI of a cloacal malformation. (a) 
Axial US scan on the pelvis of a 30-week-old fetus. There 
is a cystic structure (arrow) behind the bladder (B). The 
fetus also presents complex ascites (A). (b) Sagittal 
T2-weighted image performed on the same fetus. The cys- 
tic structure is the dilated vagina (V) with the uterus 
upward (arrow). The Mullerian structures are filled with 
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life birth) and exclusively seen in females. The 
type of communication between the different 
structures is variable. The most common sono- 
graphic findings are ascites (22 % of cases), intra- 
pelvic cystic structures corresponding to 
distended Mullerian structures by urine reflux, 
absence of visualization of the rectum, and the 
anal dimple. These Mullerian structures are often 
duplicated and appear septated on US (60% of 
the cases). There is often associated upper uri- 
nary tract dilatation due to perineal outlet obstruc- 
tion (Fig. 24) (Nitin et al. 2003). 


Take Away 

Cloacal dysgenesis is a rare and poor prog- 
nosis malformation that should be sus- 
pected when the normal pelvic structure 
cannot be depicted on US. MRI allows a 
better understanding of these complex 
malformations. 


urine secondary to a fistula to the urinary tract. The ascites 
(A) is due to urine reflux from the Mullerian structures 
into the peritoneal cavity. (c) Sagittal T1-weighted images 
performed on the same fetus. Notice that a distal colic 
structure is seen above the distended vagina (arrow). A 
diagnosis of cloacal dysgenesis was confirmed on 
fetopathology 
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Conclusion 

Fetal urinary tract anomalies are numerous 
with variable prognosis. The primary insult 
may occur anywhere in the urinary tract but 
will have secondary developmental conse- 
quences on the whole urinary tract rendering 
the in utero diagnosis sometimes difficult. The 
prognostic judgment still mostly relies on 
additional imaging findings (volume of amni- 
otic fluid, renal parenchyma’s aspect, etc.). 
The aim of prenatal diagnosis is to precisely 
define the malformation in order to ensure the 
best prenatal and postnatal management of the 
fetus and newborn. 
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1 Anomalies of Rotation 


The fetal kidneys undergo a 90° rotation around 
their longitudinal axis during their ascent from 
the pelvis before they reach their final position by 
the end of the eighth week of fetal life (Moore 
and Persaud 1998). Campbell (1970) reported 
only 17 cases of renal malrotation among 32,834 
autopsies on adults. However, the true incidence 
is probably understated because many patients 
have no clinical symptoms. 

Malrotation is most commonly associated 
with an ectopic or fused kidney, but may also 
occur in kidneys that undergo complete ascent to 
the renal fossa. In such a case, the degree of rota- 
tion is minimal. The condition may be unilateral 
or bilateral (Fig. 1). The most common type is an 
incomplete rotation or non-rotation. The renal 
pelvis is in the anterior position or in some varia- 
tion between the anterior and the normal medial 
position in the adult. Reverse rotation and hyper- 
rotation are other major types of malrotation. In 
reverse rotation, the renal pelvis rotates laterally 
and the renal vessels cross the kidney anteriorly 
to reach the renal hilum. In hyperrotation, the 
kidney rotates more than 180°, but less than 360°. 
The pelvis faces laterally, but the renal vessels 
are carried posteriorly to the kidney. Malrotation 
is usually discovered by chance during imaging 
of the kidney or abdomen for other reasons. The 
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calyces are often distorted, even without any 
associated obstruction (Fig. 2). It is important to 
establish the correct diagnosis to exclude other 
pathological conditions that can produce similar 
distortion of the kidney. Anomalies of rotation 
may produce partial pelviureteric obstruction 
(Kissane 1983; Ritchey 1992; Currarino et al. 
1993). 


Fig. 1 Voiding cystourethrography (VCUG) in a 2-year- 
old boy. Vesicoureteric reflux (VUR) in both lumbar ecto- 
pic and malrotated kidneys 


Fig. 2 Axial renal US image: midline malrotated kidney 
with distended pelvis (arrows) facing posteriorly toward 
the spine (arrowhead) 
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Take Away 

Malrotation is most commonly associated 
with an ectopic or fused kidney. Anomalies 
of rotation may produce partial pelviure- 
teric obstruction. 


2 Anomalies of Position 


2.1 Ectopic Kidney 

Renal ectopy is the term for a kidney lying out- 
side the renal fossa. The kidney migrates 
cephalad early in gestation to arrive at its nor- 
mal position. Abnormality of the ureteral bud or 
the metanephric blastema, genetic abnormali- 
ties, teratogenic causes, and anomalous vascu- 
lature, acting as a barrier to ascent, are reasons 
for failure of the kidney to complete its ascent 
(Malek et al. 1971). The incidence of renal 
ectopy in postmortem studies varies from 1 in 
500 (Campbell 1930) to 1 in 1290 (Thompson 
and Pace 1937). There is a slight predilection 
for the left side, and 10 % of cases are bilateral 
(Fig. 1). 

Simple renal ectopy refers to a kidney that 
remains in the ipsilateral retroperitoneal space. 
The most common position is in the pelvis, 
opposite the sacrum and below the aortic bifur- 
cation as a pelvic or sacral kidney. The lumbar 
or iliac ectopic kidney is one that is fixed above 
the iliac crest, but below the level of L3. 
Malrotation frequently accompanies renal 
ectopy (Fig. 1) (Kissane 1983; Daneman and 
Alton 1991; Ritchey 1992; Currarino et al. 
1993). 

The differentiation between renal ptosis and 
renal ectopy can be difficult. In renal ptosis, the 
renal artery arises from the aorta at the normal 
level and the ureter is of normal length. In renal 
ectopy, the ureter is short, corresponding to the 
location of the kidney. Renal ptosis results from 
hypermobility of the kidney in the retroperitoneal 
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space, usually in obese people who have lost 
weight rapidly. The ptotic kidney can usually be 
manipulated into its normal position. 

The diagnosis of an ectopic kidney can be made 
by ultrasonography (US) in most cases. Cross- 
sectional imaging, mainly MRI, can help in diffi- 
cult cases. It can also provide information about 
the vascular supply. The ectopic kidney receives 
major blood supply from nearby major vessels and 
such kidneys are often supplied by multiple ves- 
sels (Daneman and Alton 1991; Ritchey 1992). 
Since vesicoureteral reflux (VUR) is frequently 
associated with an ectopic kidney (Fig. 1), voiding 
cystourethrography (VCUG) is recommended. 


2.1.1 Associated Anomalies 

The contralateral kidney may be abnormal in up to 
50% of patients (Malek et al. 1971). There is a 10% 
incidence of contralateral renal agenesis. VUR is 
reported in up to 70% of children with a pelvic kid- 
ney. (Kramer and Kelalis 1984). In most cases of 
renal ectopy, the adrenal gland is in the normal posi- 
tion, though often exhibiting an atypical shape 
(Fig. 3). Genital anomalies have been described in 
15 % of males and 75 % of females (Thompson and 
Pace 1937; Downs et al. 1973). Skeletal anomalies 
are reported in up to 50% of children, cardiovascu- 
lar lesions in 9 out of 21 children (Malek et al. 
1971), and gastrointestinal abnormalities in one- 
third of patients (Ritchey 1992). 


Take Away 

The diagnosis of an ectopic kidney can be 
made by US in most cases. VUR is fre- 
quently associated. The contralateral kid- 
ney may be abnormal in up to 50% of 
patients. 


2.2 Thoracic Kidney 

Excessive cranial migration of the kidney results in 
a thoracic kidney or in a superior ectopic kidney 
(N’Guessen et al. 1984), lying below a thin mem- 
branous portion of the diaphragm. An intrathoracic 
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Fig. 3 US of the left renal fossa in a 4-day-old newborn 
with no left kidney identified in the normal position. 
A straight adrenal is identified (arrows) 


kidney occurs in fewer than 5 % of the cases of renal 
ectopy, with an incidence of 1 in 13,000 autopsies 
(Campbell 1930). The left side is more commonly 
involved and there is a male predominance. 
Occasionally, the condition can be bilateral 
(N’Guessen et al. 1984). In the supradiaphragmatic 
kidney, the ureter and hilar vessels enter through the 
foramen of Bochdalek. In general, the thoracic kid- 
ney functions normally, and most patients are 
asymptomatic. The thoracic kidney is often detected 
on a routine chest radiograph as a suspected mass 
(Ritchey 1992) (Fig. 4). The differentiation by US 
can be possible although cross-sectional imaging is 
often required particularly for further characteriza- 
tion of potential associated anomalies. 


Take Away 

The thoracic kidney is often detected on a 
routine chest radiograph as a suspected 
mass and can be differentiated by US. 


2.3 Supernumerary Kidney 

There are rarely more than two separate kidneys 
present. Supernumerary elements are small and 
often dysplastic. The extrarenal component may be 
misinterpreted as a malpositioned kidney (Fig. 5). 
This anomaly is often detected by chance but rarely 
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Fig.4 Thoracic kidney with associated sequestration; (a) 
CXR demonstrating a retrocardiac mass with a double 
outline of the left side of the mediastinum (arrows); (b) 
reformatted coronal CT image demonstrating a sequestra- 


by complications such as calculi and infection 
(Chawla 2013). US, CT, and MRI are all useful to 
confirm its presence. Functional imaging by iso- 
tope studies is also helpful to detect more than two 
functional renal elements. Dysplastic and poorly 
functional extrarenal components may, however, 
not be detected by scintigraphy. 


Take Away 

A small malpositioned kidney may repre- 
sent a supernumerary kidney; therefore fur- 
ther evaluation is required. 


3 Anomalies of Fusion 


During their ascent, the kidneys cross the umbil- 
ical arteries. Malposition of the umbilical arter- 
ies may cause the developing nephrogenic 
blastemas to come together and fuse. Fusion of 
the nephrogenic masses in the midline results in 
a horseshoe kidney. This occurs early in embryo- 
genesis, before rotation is complete, and there- 
fore malrotation is present in all such cases 
(Ritchey 1992). 
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tion superiorly (SQ) above an ectopic intrathoracic left 
kidney (LK) and partially displaced spleen (SP) (Courtesy 
of Prof. Panruethai Trinavarat Chulalongkorn University, 
Bangkok, Thailand) 


3.1 Horseshoe Kidney 

Horseshoe kidney is the most common type of 
renal fusion and one of the most frequent renal 
anomalies. It is usually characterized by fusion of 
the lower poles across the midline by an isthmus 
lying anterior, seldom posterior, to the aorta and 
inferior vena cava (Dajani 1966). Occasionally 
the lower poles are connected only by fibrous 
bands. The horseshoe kidney is usually positioned 
low in the abdomen with the isthmus lying just 
below the origin of the inferior mesenteric artery 
from the aorta. The incidence varies from 1 in 400 
(Glenn 1959) to 1 in 1800 (Campbell 1970). The 
abnormality is more common in males. 

The diagnosis of a horseshoe kidney can be 
accidental during imaging of the kidney or the 
abdomen for other reasons. From a plain radio- 
graph of the abdomen, the diagnosis of a horse- 
shoe kidney may be suspected if one can see the 
renal outlines in their abnormal position (Fig. 6a). 
The diagnosis can be confirmed especially by 
renal US and MRI (Figs. 6 and 7). Features point- 
ing toward a horseshoe kidney are the position of 
the kidneys — too low, too close to the spine, and 
more vertically than normal — and the identifica- 
tion of an isthmus (Fig. 6c) (Muttarak and Sriburi 
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Fig. 5 (a) Longitudinal US image demonstrating a small 
extrarenal element (arrow) superior to the right kidney; 
(b, c) contrast-enhanced CT, transverse image; (b) shows 
enhancement of the small right kidney; (c) shows a malro- 
tated normal-sized right kidney which is separate to the 


). The radiographic appearance of a horse- 
shoe kidney is frequently altered by associated 
abnormalities such as hydronephrosis and/or 
diminished renal function. In the majority of cases, 
there are multiple renal vessels. The blood to the 
isthmus is often supplied by a separate vessel. This 
may arise from the aorta, the common iliac, or 
inferior mesenteric arteries. Before any surgery, it 
may be necessary to assess the function of the isth- 
mus of the kidneys (Kissane ; Ritchey 1992). 


small kidney located cranially (arrows); (d) IVU image at 
15’ p.i.: contrast excretion in all three renal elements 
(arrows) can be seen (Courtesy of Dr. Annie Paterson, 
Royal Belfast Hospital for Sick Children, Northern 
Ireland, UK) 


3.1.1 Associated Anomalies 

The incidence of associated anomalies is much 
higher if the horseshoe kidney is discovered in 
the newborn period. In postmortem examina- 
tions of 99 infants with horseshoe kidneys, 
78 % had malformations of other organ systems 
such as the central nervous system, the gastro- 
intestinal tract the skeletal and the cardiovascu- 
lar system (Zondek and Zondek ). In 
another study, one-third of patients with horse- 
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Fig. 6 Typical appearance of horseshoe kidney in a 19-month-old girl: (a) on a plain radiograph; (b) on US; (c) on 


IVU; (d) on VCUG by VUR 


shoe kidney had at least one other abnormality 
(Boatman et al. ). Several well-known syn- 
dromes are associated with fused kidney: 
Trisomy 18 has an incidence of 21 % (Warkany 
et al. 1966; Boatman et al. 1972). Lippe et al. 
( ) noted horseshoe kidneys on US in seven 
percent of patients with Turner’s syndrome. In 
patients with neural tube defects, there is also 
an increased incidence of horseshoe kidneys 
(Whitaker and Hunt 1 ). However, nearly 
one-third of patients with a horseshoe kidney 
remain undiagnosed throughout life (Glenn 
9; Pitts and Muecke ). 


Pelviureteric junction obstruction by a high 
ureteral insertion or an anomalous renal vessel is 
the most common cause of hydronephrosis. This 
occurs in 30 % of patients diagnosed with horse- 
shoe kidney during life. Urolithiasis develops in 
20% of patients with horseshoe kidney. Stasis 
secondary to urinary tract dilatation and addi- 
tional metabolic factors are also other described 
causes (Evans and Resnick ). In all children 
with horseshoe kidney and some dilatation, VUR 
should be excluded. The upper urinary tract dila- 
tation may be secondary to VUR (Fig. 6d). More 
than 100 renal malignancies have been reported 
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Fig. 7 Horseshoe kidney on transverse (a) and coronally 
reformatted (b) heavily T2-weighted MRI sequences. 
These demonstrate a horseshoe kidney with dilatation and 


in patients with horseshoe kidney (Buntley 

). The risk of developing a Wilms’ tumor is 
increased sevenfold (Fig. ) (Mesrobian 
et al. J: 


Take Away 

The horseshoe kidney is the most common 
type of renal fusion. Pelvicalyceal dilata- 
tion, urolithiasis, and VUR are associated 
anomalies and effects. The risk of Wilms’ 
tumor is increased. 


3.2 Crossed Renal Ectopia 

Crossed renal ectopia is the second most com- 
mon fusion anomaly after horseshoe kidney with 
an incidence of 1 in 7000 autopsies (Abeshouse 
and Bhisitkul 1959). The crossed ectopic kid- 
ney lies on the opposite side from the ureteral 


abnormal rotation of both renal components (left more 
than right). The course of the ureters can be more easily 
followed on MRI than by other imaging modalities 


Fig. 8 Wilms’ tumor of a horseshoe kidney. Contrast- 
enhanced CT, transverse image in a 4-year-old child with 
a midline mass. A mixed cystic and solid tumor is seen 
arising from the isthmus of this horseshoe kidney 


insertion into the bladder. There are four variet- 
ies of crossed renal ectopia (Fig. 9) (McDonald 
and McClellan ; Abeshouse and Bhisitkul 


174 


S. Stafrace and G. Benz-Bohm 


Fig. 10 Six types of crossed renal ectopia with fusion: 
(a) unilateral fused kidney, superior ectopia; (b) sigmoid 
or S-shaped kidney; (c) lump kidney; (d) L-shaped kid- 


1959). Crossed renal ectopia with fusion 
occurs in 85—90 %, without fusion in less than 
10%; solitary crossed renal ectopia and bilat- 
eral crossed renal ectopia are rare (Kakei et al. 
1976). Crossing from left to right occurs more 
frequently than right to left, and there is a slight 
male predominance. There are six variations 
in crossed renal ectopia with fusion (Fig. 10) 
(McDonald and McClellan 1957; Abeshouse 
and Bhisitkul 1959). The most common form is 
the unilateral fused type with inferior ectopia, 


ney; (e) disk (pancake) kidney; (f) unilateral fused kidney, 
inferior ectopia 


in which the upper pole of the crossed kidney 
is fused to the lower pole of the normally posi- 
tioned kidney. The renal pelves remain in their 
anterior position, representing failure to com- 
plete rotation. The second most common type 
is the sigmoid or S-shaped kidney with inferior 
ectopia. In this version, both kidneys have com- 
pleted their rotation so that the two renal pelves 
face in opposite directions. The other four types 
of fusion are less common. In the lump kidney 
and the disk kidney, the two kidneys are exten- 
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Fig. 11 Crossed renal ectopy. Single image from a 
VCUG study in a 6-year-old boy. (a) High-grade reflux 
into a crossed fused ectopic kidney with both kidneys 
draining through the right ureteric system. A distended 
left ureteric stump is just above the bladder. (b, c) US 


sively fused. In the L-shaped kidney, the crossed 
kidney is in the transverse plane. The superior 
ectopic kidney lies superior to the normal kid- 
ney (Kissane 1983; Ritchey 1992; Currarino 
et al. 1993). 

Generally it is difficult to distinguish between 
crossed renal ectopy with fusion and crossed 
renal ectopy without fusion by US (Fig. 1 1b, c). 
Cross-sectional imaging mainly MRI is able to 
establish the correct diagnosis (Fig. 12). It can 
also provide information about the vascular sup- 
ply, which is quite variable. Multiple anomalous 
branches to both kidneys are possible, arising 
from the aorta or from the common iliac artery. 
A crossing renal artery to supply the crossed kid- 
ney is very rare (Rubinstein et al. 1976). IVU 
(Fig. 13) may occasionally still be used to delin- 
eate the ureteric anatomy although this is now 
replaced by MRI. 


3.2.1 Associated Anomalies 

The most common associated abnormality is 
VUR; therefore, VCUG should be performed 
(Fig. lla) (Kramer and Kelalis 1984; Polak- 
Jonkisz et al. 2012). Skeletal anomalies, imper- 
forate anus, and cardiovascular anomalies have 
an increased incidence (Abeshouse and Bhisitkul 
1959). Patients with solitary crossed ectopy have 
a higher incidence of genital abnormalities, 
probably related to the renal agenesis (Kakei 
et al. 1976). 


images from a 3-year-old girl, (b) axial image. The right 
kidney (arrows) is fused with the medial inferior pole of 
the left (arrowheads) No further renal tissue was detected 
on the right side. (c) Longitudinal image of the left flank. 
Elongated fused kidneys 


Fig. 12 Coronal T2 MRI image in a neonate. A low- 
lying midline renal ectopia with fusion, lump kidney 
(arrows), located just above the bladder (Courtesy of Dr. 
Abdusamea Shabani, Sidra Medical and Research Center, 
Doha, Qatar) 


Take Away 

Crossed renal ectopia occurs with fusion in 
85-90 %, without fusion in less than 10%. 
MRI is the best diagnostic imaging modal- 
ity. VUR is the most common associated 
abnormality. 
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Fig. 13 Selected image from IVU series delineating the 
ureteric anatomy of the left unilateral fused kidney, infe- 
rior ectopia (Courtesy of Dr. Annie Paterson Royal Belfast 
Hospital for Sick Children, Northern Ireland, UK) 


4 Summary 


Congenital anomalies of kidney rotation, posi- 
tion, and fusion are very common and are fre- 
quently identified by chance. They can be 
considered as a “normal variant,’ as long as they 
do not cause complications or are related to other 
problems such as urinary drainage impairment, 
dysplasia, VUR, infection, or other associated 
malformations. Awareness of these abnormalities 
and how best to image them is necessary to 
reduce the complications. 
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about 1:1,000, ADPKD is one of the most com- 
mon hereditary disorders at all. The first gene 
was mapped on chromosome 16 in 1985 (Reeders 
et al. 1985) and identified in 1994 (The European 
Polycystic Kidney Disease Consortium 1994). 
Including the knowledge of other cystic diseases, 
experimental in vitro research, and data of numer- 
ous animal models, a common pathogenetic the- 
ory of cystogenesis allowed the first causal 
therapeutic trials in the last years; huge research 
progress can be expected within the next years. 
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Typical steps on the way to the understanding 
of the pathogenesis or even suggestions for a 
rational gene therapy in a future vision are (1) 
identification of the causal gene; (2) cloning the 
gene which means disclosing its structure; (3) 
analyzing mutations and their clinical conse- 
quences (genotype/phenotype correlations); (4) 
studying the gene product, protein structure, and 
function; and (5) first therapeutic trials based on 
the understanding of the pathogenesis. 

It should be kept in mind, however, that even a 
specific mutation does usually not allow to pre- 
dict a certain phenotype since specific conse- 
quences are often influenced by other genes or 
exogenous factors acting as modifiers. Genome- 
wide association studies (GWASs) to identify 
these modifying actors are under investigation. 
Genes which are known to cause rare monogenic 
kidney disorders are in focus, and in this context, 
common genetic variants in the uromodulin 
(UMOD) gene were identified to influence the 
susceptibility to chronic kidney disease and 
hypertension (for review, see Trudu et al. 2013; 
Gorski et al. 2015). In the near future, the list of 
these modifying actors will grow. 

The aim of this contribution is to summarize 
important information on the genetics of urologi- 
cal and nephrological disorders and to describe 
the current possibilities and limitations in the 
diagnosis of hereditary renal disorders by the use 
of DNA techniques. Because of the complexity 
of the topic, some major principles will be out- 
lined additionally as a basic introduction. 

As the knowledge is constantly growing and 
the content of this chapter is probably partially 
outdated by the time of its publication, a detailed 
list of references is not included; only basic or 
fundamental texts are listed. Current citations are 
available in the “Online Mendelian Inheritance in 
Man” database [(OMIM): http://www.ncbi.nlm. 
nih.gov/omim/]. 


2 Formal Genetics 


Many hereditary diseases follow defined modes 
of inheritance and are caused by mutations in 
single genes. Gene carriers usually present clini- 
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cal features according to the modes of inheri- 
tance. The clinical picture is often variable which 
is denoted by the term variable expressivity. The 
related term incomplete penetrance describes the 
fact that not all gene carriers present clinical fea- 
tures. Beside these monogenic inherited diseases, 
most conditions have a more complex genetic 
background. Multifactorial diseases usually have 
a genetic basis, and additional exogenous factors, 
most often unknown, are necessary to lead to a 
clinical manifestation of the disorder. Recurrence 
risks in this group are usually estimated on an 
empirical base. Polygenic diseases are caused by 
the interaction of mutations in more than one 
gene, e.g., a digenic inherited condition is caused 
by mutations in two different genes. It can be 
assumed that in most conditions, however, many 
genes are involved. The characteristics of the dif- 
ferent modes of inheritance are listed in Table 1. 
For more details, see textbooks of human genet- 
ics (e.g., Read and Donnai 2015; Tobias et al 
2011; Tumpenny 2012). 


3 Molecular Genetics 


The identification of the genetic base of a disease 
is the first step in understanding its physiological 
and biochemical pathogenesis. Over years, map- 
ping the gene, which means localizing it on a 
chromosomal region, and sequencing it exon by 
exon by “Sanger technique” was the main diag- 
nostic approach and is still in well-defined single- 
gene conditions. 

But in many conditions, mutations in more 
than only one gene can lead to overlapping 
phenotypes, or the clinical course of a disease 
cannot be predicted on the basis of a specific 
mutation. In the last years, new technologies have 
become available which might enable to solve 
these problems in the near future. The term next- 
generation sequencing (NGS) describes tech- 
niques of sequencing whole exoms or whole 
genomes in time- and cost-saving procedures 
without the need of a clinical hypothesis. Until 
now the biggest problem of NGS techniques in 
routine genetic diagnostics is the data evaluation 
confronted with rare genetic variants of so far 
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Table 1 Characteristics of modes of 


inheritance 


common 


Autosomal dominant: Usually further first-degree 
family members are affected. In severe diseases, 
spontaneous mutations might occur. The clinical 
picture is often variable (variable expressivity) and 
sometimes not evident at all (incomplete penetrance). 
Risk to children depending on the penetrance up to 
50%, usually regardless of gender. Often late-onset 
diseases. Predictive testing in case of known gene and 
identified mutation possible 


Autosomal recessive: mostly single patients, siblings 
affected, generally no further affected family 
members in other braces. Both parents are gene 
carriers (heterozygous). Risk for siblings 25 %, risk 
for own children usually low (<1 %) except in case 
of parental consanguinity. Clinical picture often 
severe and similar in siblings. Heterozygosity testing 
in case of known gene defects generally possible. 
Prenatal diagnosis in severe conditions often 
requested 


X-linked recessive: usually only boys/males 
affected, females only rarely and often milder. If 
mother is a carrier, recurrence risk to affected 
brothers is 50 %, and 50 % of sisters are carriers. 
Risk to children of affected males: none, all 
daughters are gene carriers. About 1/3 of cases of 
severe diseases represent new mutations in the 
maternal germline. Genetic testing in case of known 
genes possible 


Multifactorial: The genetic base is often polygenic 
(involvement of several, mostly unknown genes) in 
addition to exogenous factors. Risk figures are similar 
for first-degree relatives (siblings, children). They are 
usually lower than those in monogenic disorders and 
range between 2 and 10%. The risk increases usually 
with an increasing number of affected family members 
and sometimes with the severity of the disease. For 
more distant family members, small risk figures are 
barely exceeding population risks. Genetic tests are 
usually not available 


unknown significance. Growing data acquisition 
will lead to an improvement of this situation. In 
cases where a clinical diagnosis is possible but 
the phenotype can be caused by more than one 
gene, the use of so-called gene panels is an a 
NGS-based alternative. In this case, a greater 
number of genes with known relevance for the 
condition can be analyzed at the same time. 

But even in diseases where a gene is identified 
and molecular diagnostics can be offered to a 
patient, specific problems can limit the practical 
application: 
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Genetic Complexity of Genes 

The structure of many genes is very complex 
which makes the identification of a responsible 
mutation difficult or even impossible in some 
cases. In X-linked Alport syndrome, for example, 
more than 300 different mutations have been 
described so far. Another example is ADPKD 
with the extremely complex PKD/ gene consist- 
ing of 46 exons and the existence of pseudogenes 
and many polymorphisms which can be difficult 
to interpret with regard to their character. As a 
result, some have been classified as “variants of 
unknown significance” until more data are avail- 
able to classify the variant. 


Genetic Heterogeneity 

The detection of a specific mutation can be com- 
plicated if more than one gene exist. Examples 
have been mentioned above. If a patient turns out 
to be negative upon mutation analysis of one 
gene or even after a gene panel analysis, no diag- 
nostic conclusions can be drawn. 


Genotype-Phenotype Correlation 

Another important question which is often for- 
warded to the medical geneticist is whether the 
identification of a mutation can predict the indi- 
vidual clinical course. There are diseases where a 
rough correlation between the type or localiza- 
tion of a mutation and the clinical phenotype 
exists; often, however, an individual prediction is 
impossible. A recently described example is 
again ADPKD with an unusual early manifesta- 
tion in a child where all family members, includ- 
ing those with a mild onset in adulthood, share 
the same mutation. It is still unknown which 
other genetic or non-genetic factors may influ- 
ence the severity of the disease. 


Conditions with Known Gene 
Defects 


3.1 


The identification of the responsible mutation in 
principle allows a definite diagnosis of a condi- 
tion without a further investigation or a clinical 
examination. The detection of the mutation in 
Alport disease, for example, can replace further 
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clinical or family evaluation. The same applies to 
the metabolic defects underlying some inherited 
causes of nephrolithiasis. With the knowledge of 
the underlying genetic basis of a disease, genetic 
counseling about the mode of inheritance, risk for 
family members, and further molecular genetic 
tests (e.g., predictive and prenatal diagnosis) can 
be offered. 


Inherited Disorders 
with Localized Genes Which 
Have Not Yet Been Identified 


3.2 


Over decades, linkage analysis was an important 
diagnostic tool in cases with a clinically proven 
diagnosis in at least one affected family member 
in disorders with localized but so far not identi- 
fied genes. This indirect genotyping principally 
allows to predict the disease status at any time in 
a person at risk without clinical evidence of the 
disease. Because linkage studies are based on 
indirect conclusion without knowledge about the 
responsible mutation itself, this method has 
major limitations. 
The most important ones are: 


Exact Clinical Diagnosis in an Affected 
Family Member Is Necessary 

It is a widespread misunderstanding that the 
knowledge of the localization of a gene allows 
to establish a diagnosis in a single patient with 
an unclear condition. Linkage studies are result- 
ing in a conclusion about the risk status in per- 
sons belonging to a family where specific 
markers are known to segregate with a disease 
mutation. 


Genetic Heterogeneity Can Lead to False 
Results 

Genetic heterogeneity of a condition (different 
genetic entities which usually can phenotypically 
not be distinguished) can lead to misinterpreta- 
tion. An impressive example is Alport syndrome 
with at least three different gene loci. It is esti- 
mated that about 80-85 % of families follow an 
X-linked mode of inheritance; however, autoso- 
mal modes of inheritance exist. Indirect genotype 


K. Zerres et al. 


analysis can lead to false results under the 
assumption of the wrong gene locus. 


The Family Has to Be Informative 

Depending on the individual marker constella- 
tion, there can be situations where it might not be 
possible to identify the at-risk haplotype in a 
family. With the use of a set of flanking or even 
intragenic and highly polymorphic DNA mark- 
ers, the majority of families in most nephropa- 
thies with known gene loci are informative, 
allowing to disclose the haplotype at risk. In case 
of a recombination between the analyzed flank- 
ing markers, however, risk estimation can be 
impossible as well. 


In summary, the ongoing availability of direct 
genotyping using NGS-based new technologies 
will replace linkage analysis completely. 


3.3 Genetic Counseling 

According to several guidelines of the German 
Society for Human Genetics and the Medical 
Board of Medical Geneticists in Germany and a 
German law (“Gendiagnostikgesetz”), possible 
limitations of DNA analysis and its consequences 
should be discussed with the family in context of 
genetic counseling. Similar guidelines exist in 
other countries. There are different practical 
implications of a genotype analysis. The follow- 
ing problems should be mentioned: 


3.3.1 Prenatal Diagnosis (PD) 

Prenatal prediction is in most cases limited to 
severe autosomal recessive or X-linked condi- 
tions with a known genetic basis in the index 
patient. Most often parents of a severely affected 
child or after a stillborn affected child request a 
prenatal diagnosis for further pregnancies. Only 
exceptionally there is a request for prenatal 
diagnosis in autosomal dominant conditions. 
This observation is in accordance with the expe- 
rience with other autosomal dominant diseases 
(e.g., Huntington disease, tuberous sclerosis, 
neurofibromatosis, breast cancer). One reason 
might be the fact that, given an affected parent, 
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the decision to terminate a pregnancy is obvi- 
ously unacceptably high with a statistical risk in 
50% of cases. The question of terminating a 
pregnancy, which is connected with a prenatal 
diagnosis when early treatment is not available, is 
always an important issue which has to be dis- 
cussed in detail with the parents before planning 
the pregnancy. 


3.3.2 Preimplantation Genetic 
Diagnosis (PGD) 

PGD is a further technique to identify genetic 
conditions in embryos but in the context of in vitro 
fertilization and therefore before implantation 
into the uterus. Especially in the context of a par- 
ent affected by an autosomal dominant inherited 
disease, this alternative method is requested, to 
avoid potentially having to terminate the preg- 
nancy in case of conditions later detected by post- 
conceptional methods like prenatal diagnostics. 
The PGD procedure requires an interdisciplinary 
medical care in specific centers in which geneti- 
cist, specialists in reproductive medicine, and 
in vitro fertilization laboratories work together. 


3.3.3 Predictive Testing 

The principle is to predict whether a person in a 
family with a known inherited disease is most 
likely a gene carrier and will develop the disease 
in future, while there are no clinical symptoms 
when tested. Although in many late-onset dis- 
eases, no prevention is available, the knowledge 
of a person at risk to be a gene carrier can be 
important. Predictive testing differs from any 
conventional diagnosis and evaluation of clinical 
symptoms. Predictive testing has enormous con- 
sequences for persons at risk. Different aspects 
have to be discussed with the persons who want 
to undergo predictive testing. Insurance and 
occupational problems are only some of those 
aspects which have to be considered. 

Predictive testing in children should be limited 
to situations when the diagnosis is of any benefit 
during childhood, e.g., diseases with an available 
specific preclinical therapy. As this does not apply 
to the majority of diseases, a routine clinical 
examination is sufficient. As soon as there are 
clinical signs of the disease, the child then can be 
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regarded as an affected patient and should be 
taken into medical surveillance and care. In late- 
onset diseases, the decision for a genetic testing 
should be made by the individual at risk. 

In Germany, genetic counseling in case of pre- 
dictive testing has to be carried out from a medi- 
cal specialist in human genetics (e.g., in Germany 
“Facharzt fiir Humangenetik”). 


3.3.4 Evaluation of Unspecific 
Symptoms in Individuals at Risk 
to Develop a Hereditary 
Disorder 

Especially in late-onset diseases, it is sometimes 
difficult to decide whether nonspecific symp- 
toms may indicate the manifestation of an inher- 
ited disorder, for example, hypertension or the 
detection of a “simple” cyst in an individual at 
risk for ADPKD. In these cases, a genotype anal- 
ysis can give further information whether these 
symptoms may be regarded as first signs. It 
should, however, be emphasized that there is 
usually no need for a DNA diagnosis in these 
cases, as additional clinical evaluation (e.g., 
renal ultrasonography) may definitely clarify the 
situation particularly during follow-up. It can be 
expected that in gene carriers for ADPKD, sev- 
eral cysts can be detected appearing usually 
before the age of 20 years which then allows to 
establish the diagnosis. 


3.3.5 Heterozygosity/ 
Preconceptional Testing 

In autosomal recessive conditions, heterozy- 
gosity testing, which means identification of 
healthy gene carriers, is usually applicable in 
families with known gene mutation or where 
specific genetic markers are known to segre- 
gate with the responsible gene defect. The rel- 
evance of being heterozygous for an autosomal 
recessive disorder, which usually has no conse- 
quences for the gene carrier, is often misunder- 
stood and needs detailed information before 
testing. The knowledge of the heterozygous 
state can be relevant for future family plan- 
ning. It should be emphasized that in those 
conditions where no gene defect is known, het- 
erozygosity testing in the normal population is 
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not possible. However, meanwhile heterozy- 
gosity tests are available for many autosomal 
recessive disorders in a single analysis in per- 
sons without any known positive family his- 
tory for a specific diagnosis. 


Take Away 

Many diseases of the kidney and urinary 
tract are due to genetic causes or are con- 
comitantly influenced by genetic factors. 
The elucidation of the genetic mechanisms 
has been greatly enhanced by the technical 
progress in recent years. For many diseases, 
genetic routine laboratory diagnostics are 
available. In the care of patients with genetic 
kidney/urinary tract diseases, not only the 
disease itself but also its inheritance is of 
major impact for the patient and his family. 
In the context of genetic counseling, indi- 
vidualized information about recurrence 
risks and family planning can be offered. 


4 Genetics of Important 
Disorders of the Urogenital 
System 


Congenital anomalies of the kidney and urinary 
tract (CAKUT) affects 1 of 500 live births and is 
therefore not an own genetic entity but a clinical 
spectrum of inborn malformations of the kidney 
and the urinary tract which includes, for example, 
renal agenesis, renal hypodysplasia, multicystic 
dysplastic kidney, ureteral duplication, pelvi- 
ureteric obstruction, posterior urethral valve, and 
vesicoureteral reflux (VUR). Most cases appear 
sporadically, but familial occurrence has been 
observed in up to 10% with a wide clinical vari- 
ability. In some cases, the renal or urinary tract 
malformation is combined with other organs 
involved and by this is part of a broader syndro- 
mal disorder (e.g., renal coloboma syndrome, 
renal cysts, and diabetes syndrome). CAKUT is 
the most frequent cause of progressive end-stage 
renal failure in childhood. 
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4.1 Renal Agenesis 

In most cases, renal agenesis can be regarded as a 
manifestation of a spectrum that includes hydro- 
nephrosis/urinary tract dilatation, cortical cysts, 
hypo-dysplastic or multicystic dysplastic kid- 
neys, and renal agenesis — depending on the time 
of the interaction of a disruption (e.g., obstruc- 
tion). (Multicystic) dysplastic kidneys often van- 
ish during life completely. 

After birth of a child with a severe Potter phe- 
notype due to bilateral agenesis or (multicystic) 
dysplasia, unilateral agenesis or renal dysplasia 
can be found in one parent in up to 10% — indi- 
cating a genetic base. Empirical recurrence risks 
favor mostly multifactorial inheritance with a 
recurrence risk of about 5 % after birth of a child 
with renal agenesis/dysplasia. In single pedi- 
grees, autosomal dominant or X-linked mode of 
inheritance seems to be likely with incomplete 
penetrance and variable expressivity. Never- 
theless, specific syndromes have to be considered 
and ruled out (Table 2). 

Despite the overall small recurrence risk of 
renal agenesis, careful evaluation of the family 
history and exclusion of syndromes are essential. 
Due to the early manifestation during embryo- 
genesis, the detection by prenatal ultrasound is 
usually reliable. 


4.2 Urinary Tract Dilatation 

Familial aggregation of hydronephrosis/pelvi- 
caliceal dilatation in families with pelvi-ureteric 
junction obstruction has been described in sev- 
eral studies. In many cases, the dilated collecting 
system can be regarded as manifestation of a 
spectrum including pelvi-calical distension, cor- 
tical renal cysts, hypoplastic/dysplastic or multi- 
cystic kidneys, and renal agenesis — depending 
on the time of the interaction of a disruption 
(e.g., obstruction). (Upper) urinary tract dilata- 
tion can also be part of a defined malformation 
syndrome (s. Table 3). The precise mechanisms 
that have contributed to the development of 
pelvi-caliceal dilatation in these cases with 
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Table 2 Syndromes with renal agenesis (selection) 
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Syndrome 


Branchio-oto-renal syndrome (BOR1) 


Melnick-Fraser syndrome (BOR2) 


Major feature 


Hearing loss, pinna anomalies, 


branchial cleft fistulas, preauricular pits 


Genetics 


AD (113650), EYA/ 
AD (610896), SIX5 


CHARGE association 


Coloboma, heart defect, choanal 
atresia, mental retardation, genital 
hypoplasia, ear anomalies, growth 
impairment, deafness 


Most often AD new mutations 
of CHD7 (214800), rarely of 
SEMA3 


Chromosomal disorders 


Cryptophthalmos syndrome (Fraser 


syndrome) 


Depending on the cytogenetic 
changes additional malformations, 
facial dysmorphism, mental 
retardation 


Cryptophthalmia, cleft lip/palate, 


genital anomalies, atresia of ear canal, 


syndactyly 


Most often de novo, in rare 
cases consequence of a familial 
translocation 


AR (219000), FRAS1, FREM2, 
GRIPI 


Hypogonadotropic hypogonadism 
(HH1-23), Kallmann syndrome 


Hypogonadotropic hypogonadism, 
anosmia, cryptorchism 


AD (136350), FGFR1, (FGF8, 
GNRAR, and others), AR 
X-linked (308700), KAL-1 


Rubinstein-Taybi syndrome types 1 
and 2 


Broad thumbs and toes, distinctive 
facial features, mental retardation, 
microcephaly, cryptorchism, small 
phallus 


Most often (50-70 %) de novo 
microdeletion 16p including the 
gene CREBBP; further cases 

(3 %) with mutations in 
CREBBP (180849), EP300 
(613684) 


Table 3 Syndromes with hydronephrosis (selection) 


Syndrome 
Chromosomal 
disorders (e.g., trisomy 
8, 13, 18, 18q-, r(18), 
XO, triploidy) 


Major features 


According to the chromosomal 
disorder additional malformations, 
facial dysmorphism, mental 
retardation 


Renal involvement 


Different types, often 
only mild changes 


Genetics 


Most often de novo, in 
rare cases consequence 
of a familial 
translocation 


Bardet-Bied] 
syndrome (BBS1-19) 


Obesity, pigmentary retinopathy, 
polydactyly, hypogenitalism 


Ectopic urethra, cystic 
kidney 


AR (209900), 
heterogeneous with 
BBS1-19 identified 


Prune belly syndrome 


Deficient abdominal muscles, 
urinary obstruction/distension, 
cryptorchism, malrotation of the 
gut, clubfeet, limb reduction 
anomalies 


Urethral atresia, ureteral 
duplication, bladder 
distension, 
hydronephrosis, renal 
dysplasia 


Mostly sporadic 
(100100), 
heterogeneous, CHRM3 
mutation in one family 


Rubinstein-Taybi 
syndrome types | and 2 


Broad thumbs and toes, distinctive 
facial features, mental retardation, 
microcephaly, cryptorchism, small 
phallus 


Posterior urethral valves, 
abnormal bladder shape, 
absent or extra kidney, 
double renal pelvis 


Most often (50-70 %) 
de novo microdeletion 
16p including the gene 
CREBBP; further cases 
(3 %) with mutations in 
CREBBP (180849), 
EP300 (613684) 


Kaufman-McKusick 
syndrome 


Hydrometrocolpos, transverse 
vaginal membrane, vaginal 
septum, postaxial polydactyly, 
cardiac anomalies, hypospadias 


Hydroureter, ureteral 
duplication, ectopic 
urethra, urogenital 
sinus, posterior urethral 
valves 


AR (236700), mutations 
in Bardet-Bied] type 6 
(BBS6) gene 
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known underlying genetic defects are still 
unknown. 


4.3 Duplication of Kidneys, Renal 


Pelvis, and Ureters 


A genetic base is well known, and many 
reported families indicate autosomal dominant 
inheritance with variable expressivity and 
incomplete penetrance. In about 10% of par- 
ents and siblings, similar observations can be 
made, indicating multifactorial inheritance for 
the majority of cases. According to the general 
rule of thumb, the recurrence risk doubles with 
each additionally affected close relative. 
Duplication malformations can also occur as 
part of a syndrome, and a selection of such syn- 
dromes is given in Table 4. 


4.4 Vesicoureteral Reflux (VUR) 

Vesicoureteral reflux (VUR, OMIM 193000) is 
most likely genetically heterogeneous with the 
majority of cases indicating a multifactorial gene- 
sis rather than an autosomal dominant inheritance. 
At least eight autosomal loci have been identified 
with evidence for a further X-linked locus. 
Mutations in the ROBO2, SOX17, and TNXB gene 
could be detected in respective families. Penetrance 
rates were about 45 % when associated with a gene 
mutation. Overall — in several systematic studies 
among first-degree relatives (children, siblings, 
parents) — about 10-25 % showed VUR depending 
on the different imaging techniques used. Siblings 
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thus should be screened provided there is a thera- 
peutic implication. 


4.5 Hypospadias 

The genetic nature of hypospadias has been well 
known for a long time and has been evaluated in 
several systematic studies. Empiric risk figures 
for brothers of affected boys are about 7%, and 
boys of affected fathers probably have a lower 
risk of approximately 3.5 %. These figures indi- 
cate a multifactorial base of hypospadias in the 
majority of cases. In line with this, assumption is 
the observation that the risk increases according 
to the grade of hypospadias. The empirical risk 
for siblings of grade one was 3.5 %, for grade two 
3.9%, and for grade four 16.6%, respectively. 
More distant relatives have lower risks: about 2 % 
for second-degree relatives (uncles, nephews, 
grant parents) and third-degree relatives in only 
1%. In rare cases, autosomal dominant inheri- 
tance seems possible. An X-linked type with 
mutations in the MAMCDI1 gene (OMIM 300758) 
has been described. Rarely, patients with hypo- 
spadias showed mutations in the androgen recep- 
tor gene responsible for testicular feminization 
and Kennedy syndrome. 


4.6 Cystic Kidney Diseases: 


Ciliopathies 


With the knowledge that dysfunctions of primary 
cilia play a fundamental role in the pathogenesis 
of a larger group of hereditary diseases, the term 


Table 4 Syndromes with duplication of kidneys, renal pelvis, and ureters (selection) 


Close family members should be screened 


Syndrome | Major features 


j 7 
Genetics 


Branchio-oto-renal (BOR1) 
syndrome (Melnick-Fraser 
syndrome) 

BOR2 

Chromosomal disorders (e.g., 4p-, 
11q-, XO, partial trisomy 3q, 
trisomy 8 mosaic) 


Nail patella syndrome 
patella 


| Hearing loss, pinna anomalies, branchial 
cleft fistulas, preauricular pits 


According to the chromosomal disorder 
additional malformations, facial 
| dysmorphism, mental retardation 


Nail hypoplasia, hypoplastic/absent 


| AD (113650), EYA/ 
AD (610896), SIX5 


Most often de novo, in rare cases 
consequence of a familial 
| translocation 


| AD (161200), LMX1B 
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of so-called ciliopathies was coined. The ciliary 
function is fundamentally important for the struc- 
ture and function of the kidneys, liver, eye, and 
central nervous system, so that in particular 
hereditary diseases that are associated with poly- 
cystic kidneys can be classified among the 
ciliopathies. 


Autosomal Dominant and Autosomal 
Recessive Polycystic Kidney Disease (ADPKD 
and ARPKD) 

While the autosomal dominantly inherited 
types (ADPKD) (OMIM 173910) belong to the 
most common inherited diseases at all, the 
recessive type (ARPKD) (OMIM 263200) is 
mainly important among pediatric patients. 
Although ADPKD is usually a late-onset dis- 
ease with clinical signs in adulthood, and 
ARPKD is often diagnosed in newborns or even 
prenatally, there is a broad clinical overlap. 
Therefore, family history, including renal ultra- 
sonography scans of relatives, is still a major 
criterion for classification of polycystic kidney 
disease in children. 

In ADPKD up to now, two genes could be 
identified. While about 85 % of patients show 
16p linkage indicating mutations in the PKD/ 
gene, mutations in the PKD2 gene are respon- 
sible for less than 15 %. A third gene locus has 
so far not been identified, if existing. The 
PKDI gene encodes an integral membrane pro- 
tein, polycystinl, which is involved in cell- 
cell/cell-matrix interaction. Polycystin2, 
interacting with polycystinl, shows homolo- 
gous sequences with polycystin! as well as to 
one subunit of a calcium channel. The PKHD1 
gene mutated in ARPKD has 66 exons and 
encodes a large, receptor-like protein of unclear 
function. 

There is a strong demand for prenatal diagno- 
sis in ARPKD and therefore for mutation detec- 
tion in contrast to ADPKD where mutation 
detection is often not necessary (see also 
Sect. 3.3.1). As about 95 % of gene carriers in 
ADPKD can be identified by renal ultrasonogra- 
phy by the age of 20 years and nearly all gene 
carriers are detected by the age of 30 years, pre- 
dictive genetic testing using DNA analysis is 


189 


usually not necessary. Syndromes with cystic 
kidneys have always to be excluded (Table 5). 
The growing availability of preimplantation 
diagnostics might however change this attitude 
in the future. Due to the common combination of 
liver changes in patients with cystic kidneys, the 
liver morphology is important for clinical 
classification. 


Glomerulocystic Kidney Disease (GCKD) 

The genetic basis of autosomal dominant glo- 
merulocystic kidney disease has recently been 
disclosed with mutations in the HNF//-gene 
which is the gene mutated in MODY type V also 
denoted as “renal cysts and diabetes syndrome” 
(RCAD) (OMIM 137920) (Table 5). The renal 
disease is highly variable and includes renal 
cysts, glomerular tufts, aberrant nephrogenesis, 
primitive tubules, irregular collecting systems, 
oligomeganephronia, enlarged renal pelvis, 
abnormal calyces, small kidney, single kidney, 
horseshoe kidney, and hyperuricemic nephropa- 
thy. Affected individuals may also have abnor- 
malities of the genital tract, including vaginal 
aplasia, rudimentary uterus, bicornuate uterus, 
epididymal cysts, and atresia of the vas 
deferens. 


Juvenile Nephronophthisis/Medullary Cystic 
Kidney Disease 

This disease group is defined by renal cysts 
mostly at the cortico-medullary junction and 
classified into a recessive form (nephronophthi- 
sis) and dominant form (medullary cystic kid- 
ney disease —- MCKD) (OMIM 256100 and 
174000). Nephronophthisis is genetically het- 
erogeneous, and 19 genes have been mapped 
and identified (VPHP1-19). Additional genes 
can be expected. 

Molecular genetic testing can be used for 
diagnostic classification, as homozygous dele- 
tions can be detected in 85% of patients with 
NPHP1 (juvenile type), thus confirming the 
diagnosis without renal biopsy. The NPHP1 
gene encodes the protein nephrocystin and 
NPHP2 the protein inversin. Other genes have 
been identified. Manifestations of nephro- 
nophthisis with additional signs like congenital 
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Table 5 Syndromes with cystic kidneys (selection) 
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Syndrome Major features 


Chromosomal 
disorders (e.g., trisomy 
10p, 13, 17, XYY, 
triploidy) 


According to the 
chromosomal disorder 
additional malformations, 
facial dysmorphism, mental 
retardation 


Renal involvement 


Different types, inborn 
malformations, more often 
only mild changes 


Genetics 


Most often de novo, in 
rare cases consequence 
of a familial 
translocation 


Von-Hippel-Lindau Retinal angiomas, cerebellar 


Cysts, renal cell carcinoma 


AD with incomplete 


syndrome (VHL) hemangioblastomas penetrance and variable 
expressivity (193300), 
VHL 

Short-rib thoracic Small thorax, polydactyly, Renal dysplasia, juvenile AR (208500 & others), 

dysplasia syndrome rhizomelic limb shortening, nephronophthisis, heterogeneous, 


(SRTD1-13) trident pelvis, biliary 
Jeune syndrome dysgenesis and pancreatic 
(SRTD1) dysplasia 


hydroureters, multicystic 
kidneys 


DYNC2H1, NEKI and 
further genes 


Meckel-Gruber- 
syndrome (MKS 1-12) 


Occipital encephalocele, 
polydactyly, cleft lip/palate, 
microphthalmia, small or 
ambiguous genitalia, brain 
anomalies, biliary dysgenesis, 
and pancreatic dysplasia 


Renal dysplasia or 
hypodysplasia, ureteral 
hypoplasia or aplasia, 
hypoplastic bladder, urethral 
agenesis 


AR (249000 and 
others), heterogeneous, 
MKS1, TMEM67, 
CEP290, RPGRIPIL 
and further genes 


Oral-facial-digital 
syndrome type 1 


Lobulated tongue, median 
pseudocleft of lip, cleft palate, 


Often late-onset polycystic 
kidney disease 


X-linked (311200), 
OFDI1 


(OFD1) hypoplastic alae nasi, digital 

anomalies, mental impairment 
Renal adysplasia Anomalies of internal Renal agenesis, AR (191830), TGAS, 
(hereditary renal genitalia, occasional hypodysplasia, dysplasia, RET, PAX2 
adysplasia, HRA) anomalies of the anus, heart, ureteral and urethral 

and spine anomalies 
Tuberous sclerosis Hypopigmentated macules, Renal angiomyolipomas AD (191100) new 


adenoma sebaceum, retinal 
and brain tumors, seizures, 
mental retardation 


(40-80 %), renal dysplasia, 
cortical cysts, renal vascular 
anomalies, renal cell 
carcinomas, polycystic 
kidney disease 


mutations in about 85 % 
of cases, variable 
expressivity, incomplete 
penetrance TSC/, TSC2 
(605284) 


hepatic fibrosis, retinitis pigmentosa, as well as 
cerebellar lesions are summarized as Senior- 
Loken syndrome (OMIM 266900); mutations 
have been identified in the NPHP1, NPHP4, 
NPHP35, and NPHP6 genes. Two genes respon- 
sible for autosomal dominant medullary cystic 
kidney disease, which seems to be rare in Europe, 
could be mapped on chromosomes 1q21 
(MCKD1) and 16p12 (MCKD2). The MCKD2 
gene encodes the protein uromodulin (UMOD). 


Medullary Sponge Kidney 

The term medullary sponge kidney (MSK) does 
not describe a defined clinical entity with a uni- 
form genetic cause. This kidney malformation 
usually occurs sporadic, and rarely familial cases 


are observed (Zerres et al 1984). Many case 
reports describe MSK in combination with other 
renal and extrarenal malformations. In some 
cases, a defined genetic entity could be identified; 
among these there are also ADPKD families (for 
review, see Fabris et al 2013). 


4.7 Hereditary Tumors 


of the Kidney 


Renal tumors are very heterogeneous in their 
pathogenesis. In 1-5 %, genetic germline alterna- 
tions play a major role, and tumors can occur as 
part of a complex genetic disease. Tumors are 
major manifestations in the two forms of tuberous 
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sclerosis and the von Hippel-Lindau syndrome. 
The responsible genes are tumor suppressor 
genes. The two-step hypothesis of Knudson gives 
an explanation for the great clinical variability. 

Wilms tumor is only rarely inherited (about 5 %) 
and follows an autosomal dominant pattern in these 
families. The involvement of tumor suppressor gene 
has been shown. The risk for birth of an affected 
child of a healthy gene carrier (see below) is approx- 
imately 30%. Bilateral and multifocal tumors can 
always be regarded as heritable. For practical coun- 
seling, the following risks can be given: 


e Risks for children of surviving patients with 
Wilms tumor: 2—4 % in cases of unilateral tumor 
with no further affected family member and 50% 
in cases with bilateral or multifocal occurrence 

e Risk for children of non-affected parents in 
families with known Wilms tumor: 

(a) For relatives of a sporadic case, most 
likely <1 % 

(b) For children of persons who are carrier 
(e.g., a sibling and a child is affected or 
two children are affected), at least 30 % 

(c) For healthy siblings of two affected sib- 
lings or of an affected parent and an 
affected siblings, about 9 % 


A Wilms tumor can occur as part of complex 
disorder like the WAGR syndrome with Wilms 
tumor, aniridia, genital malformation, and mental 
retardation. Responsible genes are in close 
vicinity on chromosome 11 in the regions p13 
(WTI) and p15.5 (CDKNIC). Mutations in the 
CDKNIC gene were found in patients with 
Beckwith-Wiedemann syndrome, who can 
exhibit Wilms tumors. Other responsible loci for 
Wilms tumor have been discussed: 16q (WT3), 
17q12-q21 (WT4), and (7p15-p11.2). Wilms 
tumors can also occur as a feature of Denys- 
Drash syndrome characterized by nephrotic syn- 
drome and diffuse mesangial sclerosis as well as 
male hermaphroditism. At the DNA level, muta- 
tions in the zink finger coding domains of the 
WTI gene on chromosome 11p13 were shown. 
This is most likely a sporadic disease and only in 
rare cases consequence of a familial transloca- 
tion. In cases of Wilms tumor with additional fea- 
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tures, especially of the eyes, mutations in the 
MET gene (OMIM 605074) in patients with 
familial renal carcinoma were found. 


Take Away 

Important genetic disorders of the kidney 
and the urogenital tract can be divided 
into inborn congenital malformations 
(CAKUT), cystic kidney diseases/ciliopa- 
thies, and tumor syndromes. The congeni- 
tal malformations are usually multifactorial 
and part of a broader clinical spectrum, but 
more rarely they can also occur in the con- 
text of a defined malformation syndrome. 
In contrast, ciliopathies and tumor syn- 
dromes usually have a monogenic cause 
and follow a specific inheritance pattern. 


5 Genetic Basis of Important 
Nephropathies 
5.1 Alport Syndrome (AS) 


Alport syndrome is genetically heterogeneous 
with X-linked (OMIM 301050) and autosomal 
recessive modes (OMIM 203780) of inheritance. 
About 85 % of cases follow an X-linked pattern 
and show mutations in the alpha 5(IV) collagen 
(COLAAS) gene. Mutation screening is hampered 
by a complex genomic region and many different 
mutations. In practice, mutations can be detected 
only in about 70-80% of patients with clearly 
X-linked AS. Mutations in other alpha subunits 
of the type IV collagen are the genetic basis of 
the rare autosomal recessive AS (COL4A4, 
COL4A3). Benign familial hematuria is a domi- 
nant condition with mild features of Alport 
nephritis; after heterozygous mutations in the 
COL4A4 gene were found, it was concluded that 
benign familial hematuria can be regarded as a 
heterozygous manifestation of autosomal reces- 
sive AS. 

If the diagnosis of AS is suspected in a patient, 
a mutation screening in the responsible collagen 
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genes as a basis for genetic classification and 
counseling has to be discussed. In patients with a 
proven mutation, no invasive diagnostic means 
are necessary, such as renal biopsy, 


5.2 Bartter Syndrome 

This condition is characterized by hypokalemic 
metabolic alkalosis, hyperreninism, and hyper- 
aldosteronism — with normal blood pressure. 
Three different forms following autosomal 
recessive inheritance can be distinguished: 
classical Bartter syndrome (OMIM 607364), 
neonatal form (hyperprostaglandin E syn- 
drome), as well as the mild Gitelman syndrome 
of adolescence and adulthood. According to the 
known pathogenesis of salt-losing, mutations 
of genes involved in NaCl reabsorption can be 
detected (classical Bartter syndrome, renal 
chloride channel CLCNKB; neonatal Bartter 
syndrome, furosemide dependent NaK2Cl 
cotransporter NKCC2 or renal potassium chan- 
nel ROMK; Gitelman syndrome, thiazide-sensi- 
tive NaCl cotransporter). A molecular genetic 
diagnosis is useful for a presymptomatic testing 
of children at risk in order to avoid uncontrolled 
salt-wasting. 


5.3 Nephrogenic Diabetes 


Insipidus 


The nephrogenic diabetes insipidus (OMIM 
304800, 125800) is characterized by the resis- 
tance of the kidney toward the action of vasopres- 
sin resulting in the production of large volumes 
of diluted urine. After previous mapping of the 
X-linked type, mutations in the vasopressin V2 
receptor gene were found. Autosomal recessive 
or dominant have a percentage of about 10% and 
are caused by mutations of the water channel 
aquaporin 2 gene (AQP2) on chromosome 
12q12-q13. Genetic testing has as yet no thera- 
peutic consequences but can be used for prenatal 
diagnosis, if requested. The molecular disclosure 
of basic defects is an impressive confirmation of 
the known pathogenesis of water transport. 
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5.4 Nocturnal Enuresis 

Positive family history of nocturnal wetting in 
children older than 7 years is well known affecting 
about 50 % of relatives of index patients and indi- 
cating major genetic factors in the pathogenesis. A 
primary form (PNE) or type I is distinguished from 
a secondary form, in whom the child has been dry 
for at least 6 months but enuresis has recurred. 
Although ENUR1 and ENUR2 have been mapped 
to chromosomes 13q and 12q, no causal gene has 
been identified (OMIM 600631). 


5.5 Nephrolithiasis 

The genetic base of an increasing number of 
conditions leading to hereditary renal stones has 
been disclosed. The recently detected mutations 
in a renal chloride channel gene (CLCN5) are 
responsible for the X-linked nephrolithiasis 
(OMIM 310468) and Dents disease (with 
Fanconi syndrome) (OMIM 300009). Autosomal 
recessive cystinuria (OMIM 220100) type I and 
type II is caused by allelic mutations of the 
membrane transporter gene rBAT for dibasic 
amino acids (SCL3A1). In type HI, mutations in 
the SCL7A9-AS transporter gene could be 
found. 

Further genes involved in other conditions 
responsible for renal stone development among 
many others could be identified: e.g., osteopetro- 
sis with tubular acidosis type I (xanthine oxidase), 
hyperoxaluria type I (alanine glyoxylate amino- 
transferase), adenine phosphoribosyltransferase 
deficiency (ATRTase), distal tubular acidosis, and 
primary hypomagnesemia. 


5.6 Nephrotic Syndromes 

Nephrotic syndrome can also be inherited, fol- 
lowing an autosomal recessive or dominant mode 
in these families. Up to now, the recessive genes 
responsible for the congenital nephrotic syndrome 
of the Finnish type (VPHS/ on chromosome 
19q12, gene product nephrin, OMIM 256300) 
and the gene involved in the steroid-resistant 
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nephrotic syndrome (NPHS2 on chromosome 
1q25, gene product podocin, OMIM 600995) 
have been be identified. Further genes for the 
dominant nephrotic syndrome with adult-onset 
and focal segmental glomerulosclerosis are 
known (OMIM 603278) (ACTN4, TRPCG, and 
haploinsufficiency for the CD2-associated 
protein). 

The involvement of several genes reflects the 
heterogeneous pathogenesis of the nephrotic syn- 
dromes. Pathoanatomical lesions do not indicate 
a specific genetic entity. Apart from the congeni- 
tal nephrotic syndrome of the Finnish type, which 
rarely occurs in non-Finnish populations, genetic 
testing is not applicable on a routine basis. 


5.7 Cystinosis 

Patients with cystinosis (OMIM 219800) develop 
nephritis, cataracts, retinopathy, and hypothyroid- 
ism due to an autosomal recessive transport defect 
of cystin. The responsible gene CTNS encodes an 
integral membrane protein cystinosin. 


Take Away 

The genetic nephropathies can be distin- 
guished according to the localization and 
the type of the underlying defect. Defects 
of the glomerular structure, ion channelop- 
athies, and amino acid transporters have 
different clinical consequences. Most 
genetic nephropathies have a monogenic 
cause, and clinical diagnosis can be con- 
firmed by molecular genetic analysis. 


The Use of Databases 

for Information 

About the Current Status 

on Molecular Biology 

of Hereditary Nephropathies 


OV 


This overview will be outdated with regard to the 
actual knowledge in molecular biology after 
publication of this issue. Therefore, the use of 
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databases is important for practitioners as well 
as for scientists. 

The most important database about the current 
development of inherited diseases, which is 
updated daily, is Victor McKusick’s database 
“Online Mendelian Inheritance in Man” (OMIM) 
(http://www.ncbi.nlm.nih.gov/OMIM/). The 
entries include current references. 

A database on diseases is orphanet, dedicated 
to information on rare diseases and orphan drugs 
(http://www.orpha.net/). 

A database of laboratories in Europe offering 
DNA diagnoses is available: (http://www.eddnal. 
com). Addresses of genetic laboratories are usu- 
ally published through the national societies of 
human genetics. 


Conclusion 
Molecular techniques have contributed enor- 
mous knowledge about the nature of heredi- 
tary diseases. Molecular biology provides 
new insights into basic mechanisms of the 
nature and classification of these entities. The 
understanding of the underlying defects and 
the pathogenesis of a certain disease may give 
clues to the development of a future therapy. 
The diagnostic facilities also offer new 
possibilities, but it should be realized that 
DNA diagnosis differs in many aspects from 
conventional diagnosis and has certain limita- 
tions and consequences which requires a care- 
ful application. 
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1 Introduction 


Congenital anomalies of the kidney and urinary 
tract (CAKUT) cover a wide range of structural 
malformations that result from defects in the 
morphogenesis of the kidney and/or urinary 
tract (see also chapter “Congenital Anomalies 
of the Renal Pelvis and Ureter”). CAKUT occur 
in approximately 1:500 live-born fetuses and 
are the most common cause of chronic kidney 
disease in children worldwide (Renkema et al. 
2011; Vivante et al. 2014). Congenital anoma- 


i OEE AEEA NA an lies of the kidney include renal agenesis, renal 

4.7 Simple Renal Cyst. ...csccsccsscsscsssesssscesvsensssssasseanses 200 hypo-/dysplasia with or without cysts, and mul- 

4.8 Complicated Renal Cyst, Multiloculated ticystic dysplastic kidneys (Weber 2012). While 

Cyst, and Cystic Renal Tuimon. .ccacccssscscssssanaacses 201 most CAKUT cases are sporadic, renal abnor- 

Concise aa 202 malities are found in close relatives in approxi- 

References.........ssccccsssssssssssessessssssecccssssssssesescessssnneeesees 202 mately 10% of cases (Winyard and Chitty 

2008). Although CAKUT typically occur as 

isolated malformations, they occasionally 

develop in association with additional congeni- 

tal anomalies outside the urinary tract, such as 

in the renal coloboma syndrome or the renal 

cysts and diabetes syndrome; they may also be 

associated with cardiac malformations. 

Currently, more than 20 monogenic CAKUT- 

causing genes have been identified, and recent 

findings suggest that CAKUT may arise from a 
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penetrance) to severe hypo-/dysplasia and end- 
stage renal disease. Features linked to worse 
prognosis are (1) bilateral disease, (2) decreased 
functional mass (which encompasses not just 
small kidneys but also large ones where cysts 
replace normal architecture), (3) lower urinary 
tract obstruction, and (4) anhydramnios or 
severe oligohydramnios (Winyard and Chitty 
2008). Current management of CAKUT 
includes observation, surgical interventions, 
prophylaxis and treatment of urinary tract 
infections, strict blood pressure control, sup- 
plements for renal support, and nephroprotec- 
tive treatment to slower the progression of 
chronic kidney disease. 

Renal cysts are clinically and genetically het- 
erogeneous conditions. Inherited cystic kidney 
disorders mainly include polycystic kidney dis- 
eases and entities comprising the nephro- 
nophthisis and medullary cystic kidney disease 
complex. These diseases are now categorized as 
ciliopathies — a disease concept characterized by 
dysfunction of the primary cilium, a hairlike 
cellular organelle (Hildebrandt et al. 2011). 
Cilia sense a wide variety of extracellular sig- 
nals and transduce them into decisions regard- 
ing proliferation, polarity, nerve growth, 
differentiation, or tissue maintenance (Goetz 
and Anderson 2010). Since cilia are expressed 
in variable tissues, ciliopathies may affect mul- 
tiple organs, and numerous pleiotropic human 
disorders have been attributed to defective cilia 
formation. It has become increasingly evident 
that many ciliopathies have a renal cystogenic 
component, making kidney cyst formation a 
hallmark feature of ciliopathies (Bergmann 
2012). Renal dysplasia may as well occur as a 
result of defective differentiation during kidney 
development. Notably, cystic kidneys and renal 
dysplasia are important features of numerous 
genetic syndromes, such as the mainly reces- 
sively inherited ciliopathies Bardet-Biedl, 
Joubert, Meckel, and Jeune syndromes or the 
dominant disorders of tuberous sclerosis, von 
Hippel-Lindau disease, and branchio-oto-renal 
syndrome (Bergmann 2015). At present, treat- 
ment of ciliopathies still remains symptomatic. 
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Several medications are being investigated that 
might influence ciliary function and, for exam- 
ple, also may delay cyst formation and growth 
in the kidneys or will reduce the future extrare- 
nal disease burden. 

Details on imaging appearance and typical 
findings can be found in chapter “Imaging in 
Renal Agenesis, Dysplasia, Hypoplasia, and 
Cystic Diseases of the Kidney” which addresses 
all aspects of imaging including the respective 
imaging modalities, particularly focusing on 
ultrasonography (US) which is the most com- 
monly used and often diagnostically sufficient 
modality in these entities. 


Take Away 

Congenital anomalies of the kidney are 
part of the CAKUT spectrum. Renal cil- 
iopathies are frequently characterized by 
renal cyst formation; imaging heavily relies 
on US and is essential for initial evaluation 
and follow-up. 


2 Renal Agenesis 


Unilateral renal agenesis is characterized by the 
one-sided absence of renal tissue resulting from 
failure of embryonic kidney development (Woolf 
and Hillman 2007). The general incidence of uni- 
lateral renal agenesis has been estimated to be 1 in 
2,000 (Westland et al. 2013). Renal agenesis 
occurs when the ureteric bud fails to form the ure- 
ter, renal pelvis, and renal mesenchyma that are 
necessary for the development of nephrons 
(Kerecuk et al. 2008). In these patients one fre- 
quently finds no ipsilateral ureter, as well as asso- 
ciated aplasia, hypoplasia, or anomalies of genital 
structures originating from the ipsilateral Wolffian 
and Mullerian ducts. Associated CAKUT have 
been identified in ~32 % of unilateral renal agen- 
esis patients, the most common being vesicoure- 
teric reflux (VUR) (24%) (Westland et al. 2013). 
Extrarenal anomalies involving the gastrointesti- 
nal tract, heart, or musculoskeletal system were 
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reported in 31 % of patients. Injury of the solitary 
functioning kidney may lead to hypertension, 
microalbuminuria, and/or a decrease in glomerular 
filtration rate. Therefore, these patients need 
nephrological long-term follow-up, particularly in 
the absence of compensatory hypertrophy of the 
solitary kidney. 

Bilateral renal agenesis occurs in | of 3,000 
pregnancies and is considered almost uniformly 
fatal (Woodward et al. 2011). Affected fetuses die 
in utero from cord compression, or newborns die 
within hours after birth from severe pulmonary 
hypoplasia due to anhydramnios. 


Take Away 

In unilateral renal agenesis, sonographic 
evaluation and monitoring of the contralat- 
eral kidney are obligatory. 


3 Renal Dysplasia and Hypoplasia 


Dysplastic kidneys are abnormally developed 
kidneys with poorly branched or differentiated 
nephrons and collecting ducts, increased stroma, 
and, occasionally, cysts and metaplastic tissues, 
such as cartilage (Woolf et al. 2004). Dysplastic 
kidneys range in size from large distended kid- 
neys with multiple large cysts to small kidneys 
with or without cysts (Rosenblum and Salomon 
2008). They are common malformations affect- 
ing up to | in 1,000 of the general population and 
comprise part of the spectrum of CAKUT 
(Ichikawa et al. 2002). Renal dysplasia may be 
the only CAKUT manifestation or be associated 
with hydronephrosis, UPJO, megaureter, ureter 
duplex, VUR, and posterior urethral valve 
(Schedl 2007). Simple renal hypoplasia is defined 
as a small kidney with a reduced number of neph- 
rons but maintained normal architecture. 
However, dysplastic features can be detected in 
most of these kidneys histologically as well 
(Watkins et al. 1997). As a consequence, a small 
kidney without cysts but with sonographical 
signs of dysplasia is often clinically referred to as 
a hypo-dysplastic kidney. 


Apart from isolated cases of CAKUT, combined 
malformations with various extrarenal manifesta- 
tions have been observed. More than 500 syndromes 
involving CAKUT have been described as yet 
(Weber 2012) (see also chapter “Genetics in 
Nephrourology”). However, until recently, only a 
little more than 20 monogenic CAKUT-causing 
genes have been identified (Vivante et al. 2014). 
Among them, autosomal dominant mutations in 
HNF1f (renal cysts and diabetes syndrome), PAX2 
(renal coloboma syndrome) and EYA/ (branchio- 
oto-renal syndrome) are the most important (Weber 
et al. 2006). Renal cysts and diabetes syndrome may 
include renal dysplasia, diabetes mellitus, hyperuri- 
cemia, hypomagnesemia, elevated liver function 
tests, and malformations of female internal genitalia 
(Ulinski et al. 2006; Adalat et al. 2009). Renal colo- 
boma syndrome is characterized by coloboma of the 
optic nerve and renal dysplasia with/without VUR 
(Sanyanusin et al. 1995). Branchio-oto-renal syn- 
drome is genetically heterogeneous and comprises 
variable combinations of anomalies of the kidneys, 
brachial arches (cysts or fistulae), and external and 
inner ear (deafness) (Chang et al. 2004). 


Take Away 

Nowadays, renal hypo dysplasia is mostly 
detected by fetal or postnatal US. Imaging 
of associated anomalies of the urinary tract 
as well as potential extrarenal malforma- 
tions is important for a correct diagnosis as 
well as for adequate therapeutic decisions 
and follow-up. 


4 Cystic Kidney Disease 


Autosomal Recessive 
Polycystic Kidney Disease 
(ARPKD) 


4.1 


ARPKD is a recessively inherited ciliopathy 
caused by mutations of the polycystic kidney and 
hepatic disease I gene (Bergmann et al. 2003). 
The incidence is approximately 1 in 20,000 live 
births. Its principal manifestations are polycystic 
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kidney disease and congenital hepatic fibrosis 
(Bergmann et al. 2005). 

The majority of patients are severely affected 
and ARPKD is frequently detected in late preg- 
nancy or at birth. Fetuses with ARPKD display 
massively enlarged kidneys and oligohydramnios 
due to fetal renal failure (see also chapter “Urogenital 
Fetal Imaging: US and MRI’). Approximately 
30-50% of affected neonates die shortly after birth 
from respiratory failure due to pulmonary hypopla- 
sia and thoracic compression by the excessively 
enlarged kidneys. Those surviving the neonatal 
period frequently take a prolonged course and may 
develop end-stage renal failure in the second decade 
of life (Guay-Woodford and Desmond 2003). 
Moderately affected patients without perinatal man- 
ifestation may even enter adulthood with preserved 
renal function (Adeva et al. 2006). 

While the early presentation of ARPKD is 
clearly dominated by renal disease and early- 
onset hypertension, liver disease with congenital 
hepatic fibrosis and biliary duct ectasia is also 
present in every ARPKD patient. The hepatobili- 
ary complications may also dominate the clinical 
picture, particularly in older patients. Progressive 
hepatic fibrosis leads to portal hypertension caus- 
ing hypersplenism with pancytopenia as well as 
esophageal varices with bleeding complications. 
ARPDK patients with extensive dilatations of 
intra- and extrahepatic bile ducts (Caroli’s dis- 
ease) are also at risk of ascending bacterial chol- 
angitis (Kashtan et al. 1999). 


Take Away 

In ARPKD imaging should always include 
monitoring of congenital hepatic fibrosis 
and its potential complications. 


Autosomal Dominant 
Polycystic Kidney Disease 
(ADPKD) 


4.2 


ADPKD is the most frequent life-threatening 
genetic disease (prevalence 1/500-1/1,000 live 
births) affecting approximately 12.5 million 
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individuals worldwide (Harris and Torres 2009). 
About 50% of ADPKD patients develop end- 
stage renal failure by the age of 60 years. While 
clinical symptoms usually only arise in adult- 
hood, there is considerable phenotypic variabil- 
ity even within the same family. In children, 
diagnosis of ADPKD is frequently made by 
family screening or as an incidental finding on 
US. About 60% of ADPKD children aged less 
than 5 years have already one or more renal cysts 
detectable by US (Gabow et al. 1997). In gen- 
eral, the finding of even one renal cyst should 
alert the physician to the possibility of ADPKD 
because simple cysts are otherwise rare in child- 
hood. Therefore family history and investiga- 
tion, in particular parental US, are obligatory. In 
children with parental ADPKD, the finding of 
one cyst can already be considered diagnostic 
(Ravine et al. 1994). 

About 2 % of ADPKD patients manifest clini- 
cally before age 15 years (Bergmann 2012). 
ADPKD-related symptoms include arterial 
hypertension, pain, episodes of hematuria, renal 
calculi, proteinuria, infection, or a palpable mass. 
Risk factors for a more rapid progression of 
ADPKD are (1) renal enlargement early in life, 
(2) having more than ten renal cysts before age of 
12 years, and (3) having blood pressures above 
the 75th percentile for age, height, and gender 
(Fick-Brosnahan et al. 2001). Occasional 
ADPKD cases are even associated with signifi- 
cant perinatal morbidity and mortality and may 
be indistinguishable from severe forms of 
ARPKD (Fick et al. 1993; Bergmann et al. 2011). 

ADPKD is a systemic ciliopathy, and cysts 
may also arise in other organs, e.g., liver, pan- 
creas, seminal vesicles, and arachnoid membrane 
(Torres et al. 2007). About 8% of ADPKD 
patients develop intracranial aneurysms, particu- 
larly those with a positive family history for 
intracranial aneurysm and/or hemorrhage 
(Rossetti et al. 2003). Approximately 10% of 
first aneurysmal ruptures were reported to occur 
before age 20 years (Chauveau et al. 1994). 
Cardiac valve disease, mainly mitral valve pro- 
lapse, has been detected in 26% of ADPKD 
patients (Lumiaho et al. 2001). 
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4.3 Nephronophthisis (NPHP) 
and Medullary Cystic Kidney 


Disease (MCKD) 


Nephronophthisis (NPHP) comprises a clinically 
and genetically heterogeneous group of autosomal 
recessive ciliopathies (Hildebrandt et al. 2011). 
NPHP is the most frequent genetic cause of end- 
stage renal disease during the first three decades of 
life (median age 13 years). Renal histopathology is 
characterized by the triad of (1) tubular basement 
disruption, (2) tubulointerstitial fibrosis with cell 
infiltration, and (3) tubular cysts, mainly at the cor- 
ticomedullary junction (Waters and Beales 2011). 
Although NPHP is generally referred to as a cystic 
kidney disease, cysts are not an obligatory feature 
and frequently occur only after patients have pro- 
gressed to end-stage renal failure. NPHP manifests 
clinically with a urinary concentration defect lead- 
ing to polyuria and polydipsia, as well as anemia 
and progressive renal failure (Bergmann 2012). 
Since cilia are found in virtually all organs and 
serve distinct functions in different tissues, ciliopa- 
thies may cause a broad range of organ involve- 
ment. In NPHP extrarenal manifestations are 
frequent and bear a significant comorbidity (Waters 
and Beales 2011). Ciliopathies may involve the 
eyes (retinitis pigmentosa, oculomotor apraxia), the 
brain (cerebellar vermis hypo-/aplasia associated 
with the “molar tooth sign” on MRI, mental retarda- 
tion, encephalocele), the liver (cholangiociliopa- 
thies with liver fibrosis), and the bones (short ribs, 
cone-shaped epiphyses, postaxial polydactyly). 
Based on the pattern of organ involvement, numer- 
ous syndromes with high phenotypic variability and 
considerable overlap have been described. 


Take Away 

In the majority of ADPKD patients, renal 
cysts arise already during childhood, and 
family history and parental US are mostly 
the key to diagnosis. Familial clustering of 
valvular heart disease and intracranial 
aneurysms must be taken in account. 
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MCKD is often considered the autosomal 
dominant variant of NPHP with a usually later 
onset of renal failure than in the recessive 
forms. Mutations in the gene encoding the cili- 
ary protein uromodulin (Tamm-Horsfall glyco- 
protein) can lead to different tubulointerstitial 
nephropathies including MCKD2, glomerulo- 
cystic kidney disease, and familial juvenile 
hyperuricemic nephropathy (Vylet’al et al. 
2006). 


Take Away 

In NPHP patients additional imaging of 
potential extrarenal manifestations involv- 
ing, for example, the liver, brain, or bones, 
is essential for a correct and complete diag- 
nosis as well as during follow-up. 


4.4 Glomerulocystic Kidney 


Disease (GCKD) 


GCKD is defined histologically by the occur- 
rence of glomerular cysts with dilatation of the 
Bowman’s space and glomerular tufts 
(Bernstein 1993). GCKD was described, e.g., 
in various ciliopathies including ADPKD (par- 
ticularly in young infants), NPHP, and MCKD 
(type 2), as well as tuberous sclerosis and the 
renal cysts and diabetes syndrome (Mache 
et al. 2002). GCKD has also been associated 
with renal dysplasia and urinary tract obstruc- 
tion (Bissler et al. 2010). 


Take Away 

GCKD is a histological finding in various 
cystic kidney diseases. Since in most of 
these patients no renal biopsy is performed, 
this diagnosis is rarely made and often 
missed, as there are no specific imaging or 
laboratory features that would suggest the 
diagnosis. However, this has no implication 
on treatment and prognosis. 
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4.5 Multicystic Dysplastic Kidney 


(MCDK) 


Unilateral MCDK is the most common form of 
cystic renal dysplasia with an incidence of 1 in 
2,200 to 1 in 4,300 live births (Schreuder et al. 
2009). The ipsilateral ureter is frequently atretic 
and sometimes even absent, supporting the theory 
that MCDK results from early ureteral pathology 
during nephrogenesis (Woolf 1997). It usually 
affects the entire kidney, but rarely can also 
involve only a part of the kidney, e.g., in a duplex 
system (Jeon et al. 1999). Unilateral MCKD is 
commonly a sporadic malformation, incidental 
reports exist on MCDK in siblings, twins and 
families (Srivastava et al. 1999). Bilateral MCKD 
is usually incompatible with extrauterine life. 
Renal function depends on the solitary func- 
tioning contralateral kidney. Abnormalities of the 
contralateral renal unit may be found in one-third 
of patients, mainly VUR (Schreuder et al. 2009). 
In the absence of compensatory hypertrophy, 
renal hypo-/dysplasia should be suspected. Injury 
of the solitary kidney may lead to hypertension, 
microalbuminuria, and/or a decrease in glomeru- 
lar filtration rate. Furthermore, associated ipsilat- 
eral genital anomalies are found in up to 50%, 
such as cystic dysplasia of the rete testis or the 
seminal vesicle. Previous concerns about an 
increased risk of hypertension and malignancy 
have been allayed based on results from longer 
follow-up studies and systematic reviews, as well 
as on some immature blastema found in surgery 
specimen that hypothetically allows for an 
increased risk of malignant differentiation later 
on (Narchi 2005a, b; Aslam et al. 2006). 
Clinically, MCDK is commonly detected by 
fetal US. MCDK is now generally regarded as a 
benign condition with conservative management 
and long-term follow-up predominating over 
surgical removal. Nephrectomy is mostly 
restricted to cases with continuous growth lead- 
ing to compression of adjacent structures, infec- 
tion, hemorrhage, or suspected tumors. 
Spontaneous involution of MCKD was reported 
to be 35 % by 2 years, 47 % by 5 years, and 62 % 
by 10 years of age, respectively (Hayes et al. 
2012). Larger postnatal MCDK (>5 cm) are less 
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likely to involute already during the first decade 
of life than smaller MCDK (Hayes et al. 2012; 
Poggiali and Oliveira 2012). 


Take Away 

The task of imaging is to establish the diag- 
nosis, to evaluate the contralateral renal 
unit, to detect rare complications, and to 
monitor the involution of MCKD. 


4.6 Medullary Sponge Kidney 


(MSK) 


MSK is a kidney malformation of unknown etiol- 
ogy that generally becomes manifest with neph- 
rocalcinosis, recurrent renal stones, and 
pre-calyceal duct ectasias (erroneously diag- 
nosed as cysts) (Fabris et al. 2013) (see also 
chapter “Urolithiasis and Nephrocalcinosis”). 
Clinically, MSK may present with renal colic, 
episodes of hematuria, pyelonephritis, or renal 
failure. Frequent findings are hypercalciuria as 
well as renal acidification and concentration 
defects. MSK rarely presents in childhood and 
may be a familial disease in up to 10 % of cases. 


Take Away 

In childhood MSK is a rare and mostly spo- 
radic diagnosis suspected and established 
by the radiologist. Due to its probably 
heterogeneous etiology, a comprehensive 
nephrological work-up is mandatory. 


4.7 Simple Renal Cyst 

Simple renal cysts can occur spontaneously or be 
familial. They are rare in childhood with a 
reported incidence of 0.22% (McHugh et al. 
1991). Simple cysts do not bare any conse- 
quences or associated risks except for a few occa- 
sions, when growing cysts lead to hypertension, 
compression of adjacent structures, or obstruc- 
tion of the collecting system (Churchill et al. 
1975). In adults, cysts are much more common 
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(up to 50 %), and the development of simple renal 
cysts is seen as a normal aging phenomenon 
(Baert and Steg 1977; Tada et al. 1983). 
Acquired cysts can occur in post-traumatic and 
post-inflammatory (tuberculous, etc.) settings or 
spontaneously develop in kidney parenchyma 
during chronic renal failure and on dialysis 
(Dunill et al. 1977; Leichter et al. 1988; Hogg 
1992). As in end-stage kidneys with acquired 
cysts malignancy may develop, they need to be 
monitored (Bretan et al. 1986; Levine 1992). 
Simple renal cysts are rare in infancy and 
childhood. US usually detects them as an inci- 
dental finding. Possible manifestation of a poly- 
cystic or dysplastic renal disease must be 
considered, and follow-up is warranted. 


Take Away 

In children, a renal cyst may be a feature of 
ADPKD or cystic renal dysplasia and 
always warrants at least a follow-up US 
examination. 


4.8 Complicated Renal Cyst, 
Multiloculated Cyst, and Cystic 


Renal Tumor 


“Complicated cyst” is a term coined by descrip- 
tive radiology. The exact definition varies depend- 
ing on the imaging modality applied and the age 
of the patient. A complicated cyst is defined as a 
cystic lesion with some abnormalities, therefore 
not matching all criteria necessary for a simple 
cyst. These are small size, clear and sharp mar- 
gins, no echoes or contents in the clear fluid, and 
no parenchymal rim or inclusion. The radiologi- 
cal changes of a complicated cyst may originate 
from secondary hemorrhage or sedimentation of 
proteins and of membrane cells. Calcifications 
may also occur, or infection may be present. 
Differentiation of these cysts, usually discovered 
by US, is essential and achieved in part by CT/ 
MRI, in part in conjunction with clinical and lab- 
oratory findings (Table 1). 


Table 1 Differential diagnosis of a complicated renal 
cyst 

“Simple cyst” aggravated by: 

Secondary hemorrhage 

Sedimentation 

Infection 

Acquired cysts 

Posttraumatic 

Inflammatory cyst (abscess, tuberculoma) 

Infected calyceal cyst with sedimentation and calculi 
Partially thrombosed vascular aneurysm 
Necrosis after infarction, abscess 

Cystic malformation 

Segmental MCDK 

Dysplastic cysts 

Multilocular cyst and multilocular cystic nephroma 


Manifestation of polycystic kidney disease 
(particularly ADPKD) 


Cystic renal tumor 


Necrotic hamartoma, capillary hemangioma, vascular 
malformation, bleeding angiomyolipoma, and other 
cystic benign renal tumors 


Cystic Wilms’ tumor, cystic mesoblastic nephroma 
Cystic carcinoma and other, partially necrotic or 
cystic, malignant renal tumors 


This table lists the most important entities that have to be 
considered for differential diagnosis of complicated renal 
cysts 


Tumors have to be recognized and imaged/ 
treated appropriately. Many tumor entities can 
present as a cystic renal tumor; the histologies 
range from benign renal neoplasms to cystic 
Wilms’ tumor, cystic mesoblastic nephroma, and 
cystic renal adenocarcinoma (Theissig et al. 
1986; Babut et al. 1993; Upadhyay and Neely 
1989). Definite diagnosis is often only made his- 
tologically as imaging features may not be char- 
acteristic in the individual case (see also chapter 
“Neoplasms of the Genitourinary System”). 


Take Away 

If a renal cyst does not match the criteria of a 
“simple” cyst on US, further imaging modal- 
ities are necessary and determine whether a 
biopsy is taken or follow-up is scheduled. 
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Conclusion 


Congenital anomalies of the kidney and cystic 
renal diseases comprise many entities that may 
be diagnostically challenging. Family history 
and investigation, clinical presentation and evo- 
lution, renal imaging, and searching for extrare- 
nal manifestations are valuable diagnostic tools. 
In addition, next-generation sequencing-based 
approaches allow parallel analysis of multiple 
genes involved in nephrogenesis and ciliary 
function and increasingly provide accurate 
genetic diagnoses. An accurate diagnosis is 
essential for genetic counseling, prenatal diag- 
nostics, and the clinical management of patients 
and their families. 
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1 Introduction 


Renal parenchymal disease (RPD) is classified 
into glomerular, tubular, interstitial, and vascular 
disease. These various diseases may be congeni- 
tal (hereditary) or acquired. They exclusively 
may affect the kidneys or are systemic disorders 
with a wide range of renal contribution. This 
chapter focuses on the “classic entities” of RPD 
like glomerulonephritis (GN) or nephrotic 
syndrome (NS) showing clinical presentation, 
pathogenesis, renal histology if renal biopsy is 
indicated, treatment, and prognosis of the various 
diseases. References are restricted to important 
new publications where the interested reader can 
also find suggestions for further reading. The 
implications for imaging including ultrasound- 
guided renal biopsy are described in chapter 
“Imaging in Renal Parenchymal Disease”. 


2 Clinical Presentation 
and Symptomatology 


The presentation of RPD is varied: some urinary 
symptoms such as the red- or brown-colored urine 
of macrohematuria, the foaming urine of severe 
proteinuria, polyuria, or oliguria may obviously 
point to the urinary tract. Weight loss with hypovo- 
lemia, weight gain with edema, headache, fatigue, 
etc. may be general signs as well as cutaneous 
lesions of Henoch-Schénlein purpura, vasculitis, 
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or systemic lupus erythematosus (SLE). 
Measurement of blood pressure may unravel arte- 
rial hypertension. However, severe renal disease 
may be asymptomatic only coming to light as a 
consequence of routine urinalysis, evaluation of 
recent and family history, or screening programs. 
Different forms of RPD initially may present 
nearly identical and just thorough clinical and lab- 
oratory evaluation, frequently completed by renal 
biopsy, and enable the final diagnosis and selected 
treatment. Lists of differential diagnoses or spe- 
cific diagnostic algorithms sometimes are helpful. 
The more frequently encountered modes of pre- 
sentation of RPD are now discussed. 


2.1 Hematuria and Nephritic 


Syndrome 


Microscopic hematuria is found in approximately 
1% of school children in screening programs, 
and the outcome is benign in the vast majority of 
cases (Murakami et al. 1991; Vehaskari et al. 
1979). Occasionally, microscopic hematuria may 
be an early sign of severe renal disease like Alport 
syndrome. If hematuria is found on urine dipstick 
test, urine microscopy is needed to confirm the 
presence of intact red blood cells, thereby exclud- 
ing hemoglobinuria, myoglobinuria, or discolor- 
ation of urine by drugs or foods. The presence of 
urinary red cell deformity (acanthocytes) and uri- 
nary red cell casts on urine microscopy are char- 
acteristic markers of glomerular bleeding and 
point to RPD (Koehler et al. 1991). This differen- 
tiation between glomerular and non-glomerular 
bleeding has a great impact on the further diag- 
nostic approach in a child with hematuria. 
Children with macrohematuria and proteinuria 
have acute illness and more urgently need clini- 
cal and laboratory evaluation than children with 
microscopic hematuria. 

The nephritic syndrome has an acute onset 
and is defined by hematuria, arterial hyperten- 
sion, and acute renal failure (ARF) nowadays fre- 
quently named acute kidney injury (AKI). 
Significant proteinuria, oliguria, and volume 
overload may be additional features. All glomer- 
ular disorders may present this way and labora- 
tory investigations are immediately needed to 


E. Ring and B. Acham-Roschitz 


differentiate the various types of GN as treatment 
differs. Many children present with incomplete 
nephritic syndrome (e.g., without hypertension 
or acute kidney injury) or with silent disease 
not necessarily meaning a better prognosis. 
Laboratory evaluation of complement status, 
antinuclear antibodies (ANA), and antineutrophil 
cytoplasmatic antibodies (ANCA) is mandatory. 
A low C3 complement points to acute postinfec- 
tious GN, membranoproliferative GN, or lupus 
where ANA also are positive. Positive ANCA 
titers indicate vasculitis. 


2.2 Proteinuria and Nephrotic 


Syndrome 


The glomerular filter consists of the fenestrated 
endothelium of glomerular capillaries, the three- 
layered basement membrane, and the foot pro- 
cesses and slit membrane of the podocytes. The 
filter is freely permeable for molecules up to 
a molecular weight below 68,000 Dalton 
exactly being the molecular weight of albumin. 
Asymptomatic proteinuria is found in 5-15 % of 
routine urinalyses or in screening programs, but 
just 0.1 % of children had persistent proteinuria 
if four urine samples were analyzed (Vehaskari 
and Rapola 1982; Park et al. 2005). Orthostatic 
proteinuria is found in many situations (i.e., no 
proteinuria in morning urine and proteinuria dur- 
ing daytime) and is a benign condition. In con- 
trast, renal biopsy is indicated even in 
asymptomatic children if proteinuria persists for 
6-12 months. Earlier biopsy is needed if hema- 
turia, hypertension, or renal failure is found dur- 
ing observation. 

The nephrotic syndrome (NS) is defined by 
nephrotic range proteinuria (>2 mg/mg creati- 
nine), hypoalbuminemia (<25 g/L), and edema. 
Ascites with the risk of pneumococcal peritonitis, 
pleural effusions, shortness of breath, or arterial 
hypertension may be additional clinical signs. 
Intravascular hypovolemia may cause AKI, and 
changes of blood coagulation — in part caused by 
urinary losses of inhibitors of coagulation — carry 
the risk of thromboembolic complications. 
Hyperlipidemia, low immunoglobulins, signifi- 
cant hematuria (“nephritic-nephrotic syndrome”), 
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or an altered complement system may be addi- 
tional laboratory findings. These and other evalu- 
ations primarily must lead to a differentiation of 
nephrotic children into three groups: either prob- 
ably suffering from idiopathic NS, having a sec- 
ondary form of NS like membranous nephropathy 
or SLE, or eventually a genetically determined 
NS. This differentiation is essential as the further 
diagnostic approach, treatment, and prognosis 
differ significantly. Infants presenting with NS 
during the first 3 months of life suffer from “con- 
genital NS.” Manifestation between fourth and 
12th month of life is named “infantile NS.” 


2.3 Hypertension 

Childhood hypertension (HTN) is predominantly 
caused by RPD or renovascular disease, and the 
upper limit of normal blood pressure is shown in 
chapter “Normal Values”. HTN in RPD is caused 
by the inflammatory disease itself and by hyper- 
volemia in renal failure. Activation of the 
renin-angiotensin-aldosterone system may be 
present, but treatment with angiotensin-converting- 
enzyme (ACE) inhibitors or angiotensin-2 (AT2)- 
receptor antagonists is prohibited in acute RPD as 
renal function would worsen. Calcium channel 
blocking agents, diuretics, and a—/B— blocking 
drugs can be used. A slow and moderate reduction 
of blood pressure level is mandatory. Cerebral con- 
vulsions eventually combined with visual distur- 
bances are suspicious of posterior reversible 
encephalopathy syndrome (PRES). This clinico- 
radiological entity needs to be confirmed rapidly 
by cerebral MRI (Ishikura et al. 2012). 


2.4 Tubular Dysfunction 

The renal tubules are responsible for body 
homeostasis of electrolytes, water, and the acid/ 
base balance. Numerous active and passive 
mechanisms modify the glomerular ultrafiltrate 
and form the final urine. Acute kidney injury, 
chronic renal disease, and hereditary tubular dis- 
orders may lead to a mixed picture of renal tubu- 
lar dysfunction including polyuria, salt wasting, 
potassium retention or losses, glucosuria, acido- 
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sis, aminoaciduria, etc. In contrast to the glomer- 
ular pattern of proteinuria with predominantly 
albuminuria, the tubular proteinuria is character- 
ized by minor losses of albumin but massive 
excretion of %2-microglobulin and other low 
molecular weight proteins and of tubular enzymes 
like N-acetyl-8-D-glucosaminidase (NAG). 


2.5 Renal Failure 

Acute renal failure is defined as the sudden loss 
of renal function and is reversible in many cases 
(Lameire et al. 2005); nowadays, the term AKI is 
preferred. Various pathogenetic processes are 
involved, and ARF traditionally is classified into 
prerenal, intrinsic, and postrenal. In the context 
of RPD, the AKI is intrinsic in most cases where 
activation of the complement system and direct 
cell injury can be found. Deposition of immune 
complexes, cell proliferation, infiltration with 
neutrophils and macrophages, activation of the 
coagulation system with deposition of fibrin, and 
acute tubular necrosis inhibit filtration and lead to 
destruction of a variable number of nephrons. 
Therapy aims at stopping the disease process and 
(if possible) to save the entire renal parenchyma. 
Additional details of AKI are discussed in chap- 
ter “Renal Failure and Renal Transplantation”. 


Take Away 
Clinical presentation is extremely variable 
and inconclusive in many situations. 


Laboratory evaluation is essential enabling 
differentiation of predominantly nephritic, 
nephrotic, or tubulointerstitial compromise. 


3 Specific Entities 


3.1 Glomerular Disease 


3.1.1 Alport Syndrome and Thin 
Basement Membrane 
Nephropathy 

Alport syndrome (AS) belongs to a group of dis- 
eases with familial glomerular hematuria where 
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mutations of genes encoding for three of the six 
Type IV collagen subunits (COL4A3, COL4A4, 
and COL4A5) are responsible. Type IV collagen 
constitutes a major component of the glomerular 
basement membrane (GBM) and is also found in 
the basement membranes of the inner ear, the 
eyes, and the skin. The characteristic lesions of 
the GBM, like irregular thickening, thinning, 
multilamellation, and splitting are best demon- 
strated by electron microscopy. Three genetic 
forms of AS exist. X-linked (XLAS) is responsi- 
ble for 80% of cases, autosomal recessive 
(ARAS) for 15%, and autosomal dominant 
(ADAS) for 5 %. All present with microscopic or 
macroscopic hematuria, later with proteinuria, 
and hypertension and (aside from females with 
XLAS) inevitably progress to terminal renal fail- 
ure. Virtually all females with XLAS have hema- 
turia and most proteinuria. Yet progression to 
terminal renal failure is rare (Jais et al. 2003). 
Important extrarenal symptoms of AS are pro- 
gressive sensorineural deafness and ocular 
defects like anterior lenticonus or macular 
lesions. Occasionally diffuse esophageal or vul- 
var leiomyomatosis are found. No causative 
treatment exists, but starting early with ACE 
inhibitors or AT2 receptor blocking agents may 
delay onset of terminal renal failure (Savige et al. 
2013). Three to five percent of males with 
XLAS - where mutations in COL4AS5 are respon- 
sible — present with posttransplant anti-GBM dis- 
ease with a rapid allograft loss (Kashtan 2006). 
Diagnosis of AS is established by clinical crite- 
ria, renal biopsy with electron microscopy, and 
genetic analysis. Differentiation to the “MYH9 
disorders” Epstein syndrome and Fechtner syn- 
drome is necessary. Clinical presentation, pro- 
gression to end-stage renal failure, and lamellation 
of the GMB may be identical to AS but macro- 
thrombocytopenia allows differentiation. These 
disorders are caused by mutations in the nonmus- 
cle myosin heavy chain ITA. 

Familial benign hematuria is the historical 
term for familial occurrence of persistent, usually 
microscopic hematuria mostly without progres- 
sion to renal failure and extrarenal manifestations 
(Gauthier et al. 1989). Diffuse attenuation of the 
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GBM is the typical ultrastructural finding leading 
to the term “thin basement membrane nephropa- 
thy” (TBMN) being preferred nowadays (Savige 
et al. 2013). Genetic studies of TMBN families 
showed mutations in COL4A3 or COL4A4 in 
about 40 % of families and 5-7 % of adults have 
elevated serum creatinine (Rana et al. 2005). In 
general, TMBN patients can be managed without 
renal biopsy and treatment. 


3.1.2 Acute Postinfectious 
Glomerulonephritis 

This entity is one of the classical immunocomplex- 
mediated renal diseases following a febrile 
infection of the upper airways or of the skin. 
Group A 8-hemolytic streptococci are the most 
common associated organisms, but infections 
with other types of streptococci, staphylococci, 
viruses, and parasites were also found. Clinical 
manifestation with nephritic syndrome is the 
tule, but there is a wide spectrum from incomplete 
to complete nephritic syndrome. Presentation as 
rapidly progressive GN is rare. Laboratory val- 
ues typically show low levels of C3 complement 
returning to normal after 6-8 weeks (Eison et al. 
2011). The antistreptolysin titer is only elevated 
in cases associated with streptococcal infections. 
Differential diagnoses with low levels of C3 
complement as a leading feature are membrano- 
proliferative GN and SLE, but there is no indica- 
tion for renal biopsy in most cases. Therapy is 
supportive and outcome is excellent even in 
cases with prolonged microscopic hematuria. 


3.1.3 Rapidly Progressive 
Glomerulonephritis (RPGN) 

This very complicated course of disease is pos- 
sible in virtually all forms of GN. Histologically, 
it is defined by crescents in more than 50% of 
glomeruli (“crescentic nephritis”). There is 
extravasation of fibrin and protein into the 
Bowman’s space and extracapillary proliferation 
(cellular crescent). In progression of disease, the 
crescents become fibrous with invariably loss of 
the glomerulum. Aside from immunocomplex- 
mediated GN, SLE, “idiopathic” RPGN, and 
ANCA-positive vasculitis are found in many 
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cases. Pauci-immune GN (microscopic polyar- 
teritis) is restricted to the kidneys. Systemic man- 
ifestations are found in Wegener’s granulomatosis 
with sinusitis and pulmonary hemorrhage. The 
latter symptom is also a hallmark of Goodpasture’s 
syndrome caused by antibodies against the 
“Goodpasture epitope” of glomerular and pulmo- 
nary basement membranes (linear deposition of 
IgG-anti-GBM-antibodies). Aside from treat- 
ment of acute renal failure frequently including 
dialysis/hemodiafiltration, treatment with i.v. 
methylprednisolone pulses, plasma exchange, 
and cyclophosphamide is necessary. 
Maintenance therapy may consist of steroids, 
mycophenolate, or cyclosporine A. Complete 
recovery depends on the underlying pathology, 
but terminal renal failure may be expected if 
more than 80 % crescents have been found. 


i.v. 


3.1.4 IgA Nephropathy and Henoch- 
Schönlein Nephritis 

IgA nephropathy (IgAN), originally described by 
Berger and Hinglais in 1968, is the most common 
GN worldwide. Initially regarded as a benign dis- 
order, IgAN is a major cause of end-stage renal 
failure observed in up to 20-30 % of patients after 
a disease course of 20 years. Diagnosis requires 
renal biopsy where typical IgA immune com- 
plexes are found. The new Oxford classification of 
IgAN on renal biopsy could identify variables to 
predict outcome (Cattran et al. 2009). These vari- 
ables are also valid for childhood IgAN (Coppo 
et al. 2010). The pathogenesis is not yet com- 
pletely understood. Aberrantly glycosylated IgA 1 
polymers seem to be the basic abnormality being 
deposited as immune complexes within the kid- 
neys and not regularly degraded by hepatic cells. 
In addition, genetic susceptibility factors may be 
of importance (WYATT and Julian 2013). Patients 
predominantly present with painless gross hema- 
turia and a normal renal function during upper 
respiratory tract infections. Isolated microscopic 
hematuria is the next frequent finding. Presentation 
with acute renal failure, hypertension, proteinuria 
over one gram per day, and NS is a clinical sign of 
poor prognosis. These cases and children with 
recurrent macroscopic hematuria need renal 
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biopsy. In contrast, long-term prognosis of patients 
with minor urinary abnormalities is excellent — 
these children can be managed without renal 
biopsy (Gutierrez et al. 2012). 

Henoch-Schoénlein purpura (HSP) is the most 
frequent small-vessel vasculitis in childhood 
affecting the skin, joints, gut, and kidneys. 
Nephritis in HSP (HSPN) occurs in 30-50 % of 
cases and usually is milder than IgAN (Pohl 
2015). The renal lesions of HSPN and IgAN are 
identical as well as the pathology of IgA1 indi- 
cating that both lesions belong to the same spec- 
trum of disease. Clinical presentation is 
dominated by the cutaneous lesions but recur- 
rences without purpura are well recognized. The 
indications for renal biopsy are identical to 
IgAN. 

Therapy of both disorders is similar. No treat- 
ment is required in mild cases. ACE inhibitors or 
AT2-receptor blockers can suppress mild protein- 
uria and fish oil may be supportive (Radhakrishnan 
and Cattran 2012). In severe presentations like 
mentioned above or if there is no improvement 
during follow-up, a steroid protocol for six 
months has proven to be successful (Pozzi et al. 
2004). Additional immunosuppressants are rarely 
required. Both disorders may recur after renal 
transplantation. 


3.1.5 Membranoproliferative 
Glomerulonephritis 

A variety of disease processes and pathogenetic 
mechanisms lead to a uniform pattern of glomer- 
ular injury named membranoproliferative GN 
(MPGN). Children and young adults are predom- 
inantly affected mostly presenting with NS (40- 
70%) or nephritic syndrome (20-30%). Yet 
various manifestations, from RPGN to asymp- 
tomatic proteinuria and hematuria, or recurrent 
gross hematuria, are reported (Alchi and Jayne 
2010). Persistent hypocomplementemia is the 
characteristic laboratory value, and 40% of 
patients slowly progress to end-stage renal fail- 
ure. Traditionally, MPGN is divided into three 
subtypes (Type I-III) according to the findings on 
electron microscopy. Type II is characterized by 
dense deposits within the GBM and is also called 
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dense deposit disease (DDD). Many cases of 
MPGN are secondary to infections. They may be 
viral (hepatitis B and C), bacterial (abscesses, 
endocarditis, “shunt nephritis”), or protozoal 
(malaria, schistosomiasis). Recent advances in 
the understanding of the complement system, 
especially of the alternative pathway and its rela- 
tionship to MPGN, enabled a new pathogenetic 
and practical approach to MPGN (Sethi and 
Fervenza 2011). 

Immunocomplex-mediated MPGN is charac- 
terized by an activation of the classic comple- 
ment pathway with immunoglobulin and C3 
deposits on renal biopsy. Aside from the above- 
mentioned infections, autoimmune disorders 
like SLE and monoclonal gammopathy of 
malignancies are found. Dysregulation of the 
alternative pathway caused by mutations or auto- 
antibodies to regulating proteins is found in 
complement-mediated MPGN. C3 deposition but 
no immunoglobulins are found on renal biopsy. 
A summary of possible mutations like of Factor 
H and on antibodies such as C3 nephritic factor 
was given recently (Sethi and Fervenza 2012). 
Complement-mediated MPGN further is divided 
into DDD and C3 glomerulopathy (Barbour 
et al. 2013). 

Treatment of infections, autoimmune disease, 
and malignancy is warranted in immunocomplex- 
mediated MPGN. Treatment with eculizumab, an 
anti-C5 monoclonal antibody inhibiting the ter- 
minal complement pathway, is promising in 
DDD and C3 glomerulopathy (Bomback et al. 
2012; Radhakrishnan et al. 2012). MPGN may 
lead to end-stage renal failure. Recurrence in 
renal transplants is high and is nearly 100% in 
DDD. 


3.1.6 Membranous Nephropathy 

Membranous nephropathy (MN) is rare during 
childhood, and diagnosis is made by typical find- 
ings on renal biopsy with subepithelial immune 
deposits. Clinical presentation with steroid- 
resistant NS or with asymptomatic proteinuria 
and microscopic hematuria is the rule (Menon 
and Valentini 2010). Secondary causes of MN are 
infections like hepatitis B, malaria, or syphilis 
and autoimmune disorders like SLE. MN may be 
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paraneoplastic or drug induced and is also found 
in sickle cell disease (Ayalon and Beck 2015). 
Circulating anti-PLA2R antibodies directed 
against the phospholipase A2 receptor of podo- 
cytes were found in the majority of primary 
(“idiopathic”) cases of MN (Beck et al. 2009). 
Some children with MN have anti-bovine serum 
albumin antibodies (Debiec et al. 2011). 

Patients with asymptomatic proteinuria fre- 
quently achieve spontaneous remission, and no 
treatment aside from ACE inhibitors is recom- 
mended. Children with NS are at risk of progres- 
sive disease, and treatment with steroids, 
cyclophosphamide, or cyclosporine A has to be 
considered. Treatment of secondary MN is tar- 
geted to the underlying disorder. 

3.1.7 Idiopathic and Hereditary 
Nephrotic Syndrome 

The definition of idiopathic nephrotic syndrome 
(INS) and the clinical hallmarks are given above. 
If secondary NS is excluded, patient’s age is 
between 2 and 14 years, and no extrarenal signs 
point to a syndromic form, INS can be assumed. 
Eighty percent of cases will show “minimal 
changes” on renal histology with effacement of 
podocyte foot processes and a breakdown of slit 
membrane on electron microscopy. About 10% 
will have focal-segmental glomerulosclerosis 
(FSGS) and a similar percentage mesangial pro- 
liferation. Other histological lesions are rare. 
Numerous studies have shown remission of INS 
following a steroid treatment in 80-90%. 
Consequently, no renal biopsy is performed 
before treatment, and the response to steroid ther- 
apy is used for further differentiation (Lombel 
et al. 2013a). Children with steroid-sensitive INS 
(SSNS) will have relapses in 80% once again 
treated with steroids. Steroid-sparing therapy 
with cyclosporine A (CSA), mycophenolate, 
rarely cyclophosphamide, or rituximab is indi- 
cated in frequent relapsing and steroid-dependent 
INS (van Husen and Kemper 2011; Gellermann 
et al. 2013). Nevertheless, prognosis is favorable 
and just few patients will enter chronic renal 
failure. 

Cases not responding to steroids suffer from 
steroid-resistant nephrotic syndrome (SRNS) 
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(Shenoy et al. 2010; Lombel et al. 2013b). They 
need renal biopsy, genetic evaluation, and inten- 
sified therapy with CSA, mycophenolate, or 
rituximab if mutations are excluded. Especially 
children with SRNS and FSGS will enter end- 
stage renal disease. Recurrence of FSGN follow- 
ing renal transplantation is frequent and is a 
therapeutic challenge causing graft failure in 
many cases. 

Pathogenesis of NS is not completely under- 
stood. T cells are involved probably producing 
circulating permeability factors. Different factors 
are found in MCNS and FSGS indicating that 
these two variants may be different diseases and 
not a continuum of a spectrum (Cara-Fuentes 
et al. 2014). B cells also seem to be involved. 
SRNS frequently has a genetic background. The 
first mutation reported was found in the Finish 
type of congenital NS (KESTILA et al. 1998). 
Meanwhile an increasing number of mutations 
was found involving proteins of the slit mem- 
brane (like podocin), of the cytoskeleton (like 
ACT4, INF), of nuclear proteins (mutation in 
WTI gene found in Denys—Drash syndrome), 
and of other structures (Gbadegesin et al. 2013; 
Akchurin and Reidy 2015). Virtually all cases of 
congenital and infantile NS have a genetic 
background (Hinkes et al. 2007). Children with 
hereditary NS are resistant to all therapies and 
invariably will progress to end-stage renal fail- 
ure. Renal transplantation is favorable as the 
genetic disease will not recur. 


Take Away 

Glomerular diseases are characterized by 
hematuria and/or proteinuria. Blood pres- 
sure and renal function are variable and 
renal biopsy is needed in many cases. 


3.2 Vascular and 
Tubulointerstitial Disease 
3.2.1 Vasculitis 


Vasculitis means inflammation and partially 
necrosis of blood vessels, predominantly arteries. 
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It is rare during childhood and classification 
focuses on vessel size. Childhood large-vessel 
vasculitis mostly is Takayasu arteritis. 
Inflammation of the renal arteries may cause 
renal artery stenosis, but renal parenchymal 
involvement is not found (Szugye et al. 2014). 

Medium-sized vessels are compromised in 
polyarteritis nodosa (PAN) and in Kawasaki dis- 
ease (KD). Histologic evidence of necrotizing 
vasculitis in medium- or small-sized vessels or 
aneurysms, stenosis, or occlusion on angiogra- 
phy is the mandatory criterion for PAN, and renal 
involvement is one additional criterion (Ozen 
et al. 2009). Patients present with fever, malaise, 
musculoskeletal symptoms, cutaneous lesions 
and nodules, or peripheral neuropathy. Half of 
the patients have renal involvement — mostly 
hematuria, proteinuria, and hypertension. Biopsy 
tissue from skin lesions, muscles, or nerves can 
be diagnostically helpful. Renal biopsy usually is 
not helpful but carries a high risk of bleeding or 
formation of arteriovenous fistulae (Dillon et al. 
2010; Cakar et al. 2008). Laboratory evaluation 
shows leukocytosis, thrombocytosis, high 
C-reactive protein, and elevated erythrocyte sedi- 
mentation rate; ANCA usually are negative. 
Induction therapy includes steroids and cyclo- 
phosphamide. Low-dose steroids, azathioprine, 
mycophenolate, methotrexate, and cyclosporine 
A are used for maintenance therapy. Rituximab is 
reported to be successful in children unrespon- 
sive to standard therapy (Eleftheriou and Brogan 
2009). Long-term prognosis seems to be favor- 
able provided treatment starts early in the course 
of disease. Relapses may occur but permanent 
remission can be achieved. 

KD is a systemic febrile vasculitis with mul- 
tiple organ involvement. Especially coronary 
artery lesions are of concern. Renal involvement 
with proteinuria, hematuria, and most fre- 
quently tubulointerstitial nephritis is reported. 
Hemolytic—uremic syndrome, GN, and NS are 
rarely found not changing the basic treatment of 
KD (Watanabe 2013; Krug et al. 2012). 

Extensive renal involvement is found in small- 
vessel vasculitis (SVV). HSP, the most frequent 
childhood SVV, is discussed together with IgA 
nephritis (see above). ANCA-associated forms of 
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SVV can be divided into granulomatous and non- 
granulomatous. Microscopic polyangiitis (MPA) 
is non-granulomatous and differs from PAN by 
the presence of severe glomerular involvement as 
necrotizing and rapidly progressive pauci- 
immune GN with positive ANCA (Brogan et al. 
2010). MPA may be limited to the kidneys or is 
systemic with pulmonary capillaritis. Wegener’s 
granulomatosis nowadays renamed as granulo- 
matosis with polyangiitis (GPA) is a necrotizing 
granulomatous inflammation with or without 
necrotizing SVV (Lutalo and D’Cruz 2014). 
Involvement of the upper and lower respiratory 
tract is the rule and renal disease is similar to 
MPA. Both diseases are treated with methylpred- 
nisolone pulses and frequently plasma exchanges. 
Rituximab is an alternative to cyclophosphamide 
and seems to be superior in children and in a 
relapsing course (Stone et al. 2010; Zand et al. 
2014). 


3.2.2 Hemolytic-Uremic Syndrome: 
Renal Thrombotic 
Microangiopathies 

Hemolytic—uremic syndrome (HUS) is charac- 

terized by Coombs-negative hemolytic anemia, 

thrombocytopenia, and AKI. Fragmented red 
blood cells (schistocytes) in the blood smear and 
high serum lactate dehydrogenase are additional 
findings (Noris and Remuzzi 2005). Thrombotic 
microangiopathy (TMA) with endothelial dam- 
age and microthrombi is the characteristic find- 
ing on renal histology. About 90% of pediatric 
cases are associated with hemorrhagic colitis and 
with Shiga toxin (Stx) producing bacteria like 

Shigella and E. coli predominantly with the sero- 

type O157:H7 (Tarr et al. 2005). Children are 

infected from contaminated cow milk, apple 
juice, meat, etc. After a prodromal phase of diar- 
rhea, about 15 % of infected children proceed to 

Stx-associated HUS (previously “typical HUS”) 

with AKI and need for renal replacement therapy 

in 50% of cases. Treatment is supportive and 
recovery of renal function is good. Long-term 
prognosis generally is favorable. Yet there is 
some concern as 30 % were found to have arterial 
hypertension and 7% chronic renal failure after 
5 years (Rosales et al. 2012). Aside from 
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Stx-associated HUS, an etiological classification 
of TMA includes thrombotic thrombocytopenic 
purpura (TTP), atypical HUS (aHUS), and other 
forms like infection with neuraminidase- 
producing streptococcus pneumonia, defective 
cobalamine metabolism, and various secondary 
forms induced by drugs, pregnancy, cancer, glo- 
merulopathies like SLE, or solid organ and stem 
cell transplantation (Besbas et al 2006; Vester 
and Mache 2014). In TTP, there is a defective 
ADAMTS13, a metalloprotease cleaving von 
Willebrand factor polymers, caused by a genetic 
defect or autoantibodies against ADAMTS13. 
The clinical presentation is similar to other types 
of HUS but cerebral involvement is more fre- 
quent. Atypical HUS is a mostly complement- 
mediated disease. Nowadays, hereditary defects 
of the complement system or autoantibodies to 
regulating proteins of the alternative complement 
pathway can be found in many patients. Half of 
the patients have mutations or autoantibodies 
against complement factor H (Loirat and 
Frémeaux-Bacci 2011). The onset of aHUS 
mostly is acute with a preceding infection. 
Untreated recurrences lead to chronic renal fail- 
ure, and severe extrarenal manifestations like 
myocardial infarction, peripheral gangrene, or 
cerebral involvement are reported (Malina et al 
2013). Aside from supportive therapy including 
renal replacement therapy, plasma exchanges and 
plasma infusions were used with some success in 
TTP and aHUS. Immunosuppression in various 
combinations was added in aHUS cases with 
autoantibodies significantly contributing to pro- 
longed renal survival. Since 2009, reports on 
treatment with eculizumab, a recombinant 
humanized antibody binding to C5 and blocking 
the terminal complement pathway, challenged 
the treatment of aHUS (Mache et al. 2009; Zuber 
et al. 2012). Prevention of rapid deterioration of 
renal function and of aHUS recurrence following 
renal transplantation seems to be possible in 
many cases. In addition, eculizumab treatment of 
patients with Stx-associated HUS during out- 
breaks is promising concerning maintenance or 
restoration of renal function (Delmas et al. 2014). 
Application of eculizumab in children with TMA 
associated with stem cell transplantation seems 
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to be another promising indication (Jodele et al. 
2014). 


3.2.3 Tubulointerstitial Nephritis 

Acute tubulointerstitial nephritis (TIN) is an 
inflammatory disorder affecting the renal 
tubules and the interstitial space. Glomeruli and 
vessels may be affected secondarily, and severe 
glomerular disease mostly includes tubulointer- 
stitial injury. Cellular infiltration is diffuse or 
granulomatous and eosinophils may predomi- 
nate (Joss et al. 2007). Granulomatous TIN with 
hypercalcemia may lead to sarcoidosis as final 
diagnosis. Drugs (71%) and infections (16 %) 
are the most frequent causes of TIN (Baker and 
Pusey 2004). A variety of antibiotics, nonsteroi- 
dal anti-inflammatory drugs, anticonvulsants, 
diuretics, and other drugs such as cyclosporine 
A are involved. Infection-mediated TIN can be 
divided in cases with direct infection of the 
renal parenchyma (infectious agents identified 
in the interstitium such as cytomegalovirus or 
bacteria causing pyelonephritis) and in reactive 
(sterile) TIN. Sterile TIN is found associated 
with various infectious agents like streptococci, 
Legionella, Yersinia, EBV, hepatitis B virus, or 
HIV virus. Idiopathic TIN may be associated 
with uveitis, named TINU (Jahnukainen et al. 
2011). Clinical presentation of TIN is non-spe- 
cific with fatigue, weight loss, and emesis in 
most cases; fever and flank pain may be present. 
Laboratory investigations show acute mostly 
polyuric renal failure, signs of tubular dysfunc- 
tion, sterile leukocyturia, microhematuria, and 
mild proteinuria. Treatment of TIN mostly is 
supportive aside from stopping drugs and 
treating infections. Corticosteroids may be 
required in severe cases, but prognosis is usu- 
ally excellent. 


3.2.4 Tubular Disorders 

It is beyond the scope of this chapter to discuss 
all possible renal tubular disorders. Most have a 
genetic background, and patients present with 
dystrophy, weight loss, fatigue, polyuria, and 
sometimes rickets. Laboratory evaluation may 
show acidosis, hypokalemia, and hypophospha- 
temia. Urinalysis can unravel glucosuria, 
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aminoaciduria, and urinary losses of electrolytes. 
Nephrocalcinosis and renal stones are frequent 
(Edvardsson et al. 2013). The name “Fanconi 
syndrome” characterizes a general dysfunction of 
the proximal renal tubule found in disorders like 
cystinosis, tyrosinemia, glycogen storage dis- 
ease, Dent disease, and Lowe syndrome. The 
Bartter syndromes are salt-wasting nephropathies 
with hypokalemic alkalosis and hypercalciuria; 
Gitelman syndrome is characterized by hypo- 
magnesemia (Seyberth and Schlingmann 2011). 
Other characteristic findings are the hypophos- 
phatemic rickets of X-linked hypophosphatemia 
or the polyuria of nephrogenic diabetes insipidus. 
Treatment is dedicated to replace electrolyte 
losses, to correct acid—base imbalance and fur- 
ther tubular dysfunctions, thereby preventing a 
progressive renal disease. Genetic evaluation is 
warranted in most cases. 


Take Away 

Different disorders are summarized in this 
part with sometimes inconclusive acute 
presentation. Immediate correct diagnosis 
is often warranted as treatment is urgent. 


3.3 Renal Parenchymal 
Involvement in Systemic 
Disease 

3.3.1 Systemic Lupus Erythematosus 


and Antiphospholipid 

Nephropathy 
Systemic lupus erythematosus (SLE) is a gener- 
alized autoimmune disorder with autoantibodies 
directed against a variety of cell components and 
organs. Adolescent girls are mostly affected and 
childhood SLE (cSLE) represents 20 % of cases. 
The clinical presentation is variable including 
non-specific complaints such as fever, weight 
loss, and malaise. SLE is diagnosed if 4 or more 
of 11 features (e.g., positive antinuclear antibod- 
ies, antibodies against double-stranded DNA, 
thrombopenia, low C3 complement, and nephri- 
tis) are present (Tan et al. 1982; Hochberg 1997). 
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Lupus nephritis affects more than 80% of cases 
with cSLE which is more frequent compared to 
adult disease. Presentation with nephritic or 
nephrotic syndrome is variable, not necessarily 
reflecting the severity of renal involvement. 
Consequently, renal biopsy is required before 
therapy. Histologically, lupus nephritis is catego- 
rized into six classes subdivided in acute/chronic, 
focal/generalized, and sclerotic lesions (Weening 
et al. 2004). Extrarenal involvement may concern 
the central nervous system, lungs, musculoskele- 
tal system, skin, heart (Libman—Sacks endocardi- 
tis), or the gastrointestinal tract. The presence of 
antiphospholipid antibodies increases the risk of 
vascular thrombosis and anticoagulation has to 
be considered. Various treatment protocols for 
SLE nephritis exist including corticosteroids, 
cyclophosphamide, mycophenolate, plasma 
exchanges, and rituximab for initial and mainte- 
nance therapy (Tullus 2012; Punaro 2013). There 
is atrend to reduce toxicity of treatment (Houssiau 
et al. 2012), thereby avoiding complications like 
severe infections including sepsis, avascular bone 
necrosis, reduced fertility, or malignancies. On 
the other hand, recurrences of SLE nephritis 
should be kept to a minimum to avoid progres- 
sion to end-stage renal disease as recurrence of 
SLE nephritis is reported following renal 
transplantation. 

Antiphospholipid syndrome (APS) is the 
association of vascular thrombosis with antiphos- 
pholipid antibodies and/or circulating lupus anti- 
coagulant. It may be a primary disease but is 
mostly associated with autoimmune disease pre- 
dominantly with SLE. Renal involvement in APS 
is severe with renal infarction, venous thrombo- 
sis, or renal artery stenosis and needs to be distin- 
guished from Lupus nephritis. APS nephropathy 
(APSN) means vascular lesions in the glomeruli 
and the arterioles like fibrin thrombi and mesan- 
giolysis, the so-called thrombotic microangiopa- 
thy (TMA) also seen in HUS (Alchi et al. 2010). 
Catastrophic APS is the fulminant form with 
involvement of at least three organ systems 
within 1 week including renal TMA (Berman 
et al. 2014). Clinical presentation of APSN is 
acute renal failure, hypertension, thrombopenia, 
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and proteinuria. Anticoagulation is the basic 
treatment of APSN and corticosteroids frequently 
are added. CAPS patients need plasma exchanges 
and rituximab or cyclophosphamide in SLE- 
associated CAPS in addition. 


3.3.2 Sickle Cell Nephropathy 

Sickle cell disease is an autosomal recessive 
transmitted hemoglobinopathy with various 
renal manifestations leading to end-stage renal 
disease in 4-18 % of the patients at a mean age 
of 23 years (Becker 2011). Sickle cell nephropa- 
thy (SCN) starts early in childhood. Red blood 
cell sickling within the vasa recta of the renal 
medulla is caused by the hypertonic, acidic, and 
hypoxic environment resulting in vessel occlu- 
sion, ischemia, and infarction. The release of 
vasodilating substances causes glomerular 
hyperfiltration ultimately leading to proteinuria, 
glomerulosclerosis, and progressive chronic 
renal disease. The clinical findings may start 
early in infancy with a urinary concentrating 
defect leading to polyuria, episodes of dehydra- 
tion, and later nocturnal enuresis (Sharpe and 
Thein 2011). Various degrees of hematuria, pro- 
teinuria, and renal tubular acidosis are additional 
findings dependent on the stage of renal dys- 
function. Treatment of SCN is directed to pre- 
vent vaso-occlusive crises and to manage renal 
complications adequately. Altitudes above 
2,500 m without oxygen supply, heavy exercise, 
and fluid deprivation should be avoided. Bed rest 
in gross hematuria, early intravenous fluids and 
transfusions, diuretics, ACE inhibitors, and 
sometimes hydroxyurea treatment may contrib- 
ute to a favorable course of disease (McKie et al 
2007). Renal transplantation seems to be a viable 
option in end-stage SCN (Huang et al 2013). 
Some patients may benefit from hematopoietic 
stem cell transplantation (Dallas et al 2013). 


3.3.3 Renal Manifestations 

of Metabolic Disorders 
A variety of hereditary disorders of the metabo- 
lism may affect the kidneys secondarily or as 
the main organ manifestation. Most renal lesions 
are not specific but may be pronounced like in 
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hereditary tyrosinemia, glycogen storage 
diseases, or methylmalonic academia. 
Hereditary fever syndromes including familial 
Mediterranean fever (FMF) may cause amyloi- 
dosis progressing through proteinuria and 
nephrotic syndrome to end-stage renal failure. 
Amyloidosis is systemic and other organs such 
as the thyroid glands may be involved (Mache 
et al. 1993). Treatment of FMF with colchicine 
is effective in prevention of renal amyloidosis, 
but progression to end-stage renal failure still is 
possible (Korkmaz 2012). Diabetic nephropa- 
thy, the most important single disorder leading 
to chronic renal failure during adulthood, usu- 
ally is not seen during childhood. Two disorders 
with deleterious renal involvement are of major 
concern; the hyperoxalurias are discussed in 
chapter “Urolithiasis and Nephrocalcinosis”’. 
Nephropathic cystinosis is an autosomal 
recessive inherited disorder resulting from the 
defective lysosomal cystine transporter cystino- 
sin. The CTNS gene has been mapped to chromo- 
some 17p13.2 (Town et al. 1998). Cystinosis is 
characterized by intracellular accumulation of 
cystine in the kidneys and nearly all other organs 
like the bone marrow, leukocytes, the thyroid 
gland, and the cornea, but the renal symptoms 
predominate (Nesterova and Gahl 2013). Affected 
patients mostly have blond hairs and present dur- 
ing infancy with vomiting, dehydration, polydip- 
sia, polyuria, failure to thrive, and rickets. 
Laboratory evaluation shows proximal tubular 
dysfunction (Fanconi syndrome). Diagnosis is 
confirmed by demonstration of an elevated cys- 
tine content in leukocytes, by corneal cystine 
crystals, and by genetic analysis. Treatment 
includes correction of electrolyte and fluid distur- 
bances, application of adequate nutrition partially 
including growth hormone therapy, and amelio- 
ration of extrarenal organ manifestations. 
Administration of cysteamine as cystine- 
depleting drug can reduce the intracellular con- 
tent of cystine by more than 90% and improves 
the overall prognosis of patients dramatically 
(Emma et al. 2014). Nevertheless, progression to 
end-stage renal failure is not yet prevented nowa- 
days. Renal transplantation has good results, but 
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accumulation of cystine in other organs contin- 
ues. Cysteamine therapy has to be continued to 
ameliorate hypothyroidism, cardiac failure, and 
cerebral complications. 


Take Away 

SLE diagnosis and treatment is urgent 
including renal biopsy. All other disorders 
need careful examination and immediate 
treatment is rarely required. 


Conclusion 
The classical renal parenchymal disorders are 
extremely variable in clinical presentation, 
results of the laboratory evaluation, conse- 
quences for additional diagnostic measures 
including renal biopsy, and for therapeutic 
consequences being urgent in many situa- 
tions. Prognosis ranges from an excellent out- 
come to progression to chronic renal failure 
despite extensive treatment. Disease recur- 
rence following renal transplantation is pos- 
sible in many cases. Genetic disorders are 
resistant to all treatment and progress to end- 
stage renal failure. 
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1 Urinary Tract Infection 


1.1 Introduction 

Urinary tract infections (UTIs) are one of the 
most common bacterial infections in children 
(Spencer et al. 2010). Pediatric uroradiologists 
are frequently confronted with affected children 
due to the fact that UTI might be the only symp- 
tom of renal malformations or abnormalities of 
the urinary tract. 


1.2 Definition and Classification 
Urinary tract infection (UTD is defined as a colo- 
nization of the urinary tract with uropathogenic 
bacteria, which induce a local or systemic inflam- 
matory response. 

UTIs can be classified according to localiza- 
tion (urethra, bladder, and kidneys), symptoms, 
and presence or absence of complicating factors 
(Table 1). Pyelonephritis is characterized by a 
segmental or generalized inflammation of the 
renal parenchyma, whereas cystitis affects the 
bladder mucosa. This has to be differentiated 
from asymptomatic bacteria, defined as bacterial 
colonization without any inflammatory response. 
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Table 1 Classification of urinary tract infections 


According to 
localization 


According to 


According to 
complications and 
risk factors 


‘According to 
chronology 


| Urethritis (i.e., Chlamydia, Mycoplasma) 
| Cystitis 
| Pyelonephritis 


| Asymptomatic UTI (bacteriuria and leukocyturia without symptoms) 
| Symptomatic UTI (symptoms, bacteriuria, and leukocyturia) 


| Non-complicated UTI (with normal urinary tract, normal bladder function, normal kidney 

| function, and immunocompetence) 

| Complicated UTI (with congenital anomalies of the kidney and urinary tract, VUR, urinary 
| obstruction, concrements, neurogenic or non-neurogenic bladder dysfunction, 


| First UTI 
| Recurrence, reinfection: a new UTI with an at least serotypically different uropathogen 
Relapse: anew UTI with the serotypically same uropathogen as in the previous UTI. This is 

| possible (a) with inadequate therapy (i.e., in the case of resistant bacteria, insufficient drug 

| levels, insufficient duration of therapy) and (b) relapse after transient sterility of urine (i.e., in 


| bladder mucosa) 


1.3 Epidemiology 

The incidence of first-time UTI is highest dur- 
ing the first year of life. This is most marked for 
boys but also evident in girls. By 1 year of age, 
2.7 % of boys and 0.7 % of girls will have had 
their first UTI (Wettergren et al. 1980). In many 
aspects, the characteristics of UTI in infants dif- 
fer from UTIs in children. Its prevalence is 
higher (Zorc et al. 2005b; Shaikh et al. 2008; 
Siomou et al. 2009), male gender is affected 
predominantly (Kanellopoulos et al. 2006), 
non-Escherichia coli infections are more fre- 
quent, and there is a higher risk of urosepsis 
than in older age groups (Magin et al. 2007). 
However, urosepsis is significantly less frequent 
in community-acquired than in nosocomial UTI 
(Sastre et al. 2007). 

After the first year of life, the incidence of 
UTI in girls is up to tenfold higher than in boys. 
By the age of 6 years, more than 7 % of girls and 
1.6 % of boys will have suffered from at least one 
symptomatic, culture-confirmed UTI (Marild and 
Jodal 1998). 


Take Away 

Urinary tract infections count among the 
most frequent bacterial infections in 
infancy and childhood. 


the case of stones or biofilms at foreign bodies, persistence of uropathogens within the 


1.3.1 Recurrence and Relapse 

After a first symptomatic UTI, the risk of recur- 
rence is up to 20-30 %, being highest during the 
following 2-3 months (Winberg et al. 1975; 
Kasanen et al. 1983; McCracken 1984; Nuutinen 
and Uhari 2001). In 20-30 % of cases, girls have 
a new infection within 1 year, some of them pre- 
senting with further recurrences over a long time 
(Beetz et al. 2002; Marchand et al. 2007). The 
susceptibility for recurrences is highest within 
the first 2-6 months after a UTI. The recurrence 
rate is directly correlated with the number of pre- 
ceding UTIs (McCracken 1984). The longer the 
infection-free interval, the lower the risk of fur- 
ther recurrences (McCracken 1984). 

In boys, early recurrences are as frequent as in 
girls; later the recurrence rate is much lower in 
boys than in girls. Recurrent UTIs are rare 
in boys with a morphologically normal urinary 
tract (Winberg et al. 1974). 


1.4 Etiology and Pathogenesis 
Bacterial UTIs occur when specialized (mostly 
virulent) uropathogenic bacteria invade the uri- 
nary tract, multiply faster than they are elimi- 
nated, and induce an inflammatory response. 
Uropathogenic bacteria are able to colonize the 
perineal and periurethral region, to invade the 
urinary tract, to grow in urine, to adhere to 
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uroepithelial cells, and to ascend within the urinary 
tract. UTIs are predominantly caused by uropatho- 
genic Escherichia coli (60-80% of cases), fol- 
lowed by other gram-negative bacteria as 
Klebsiella, Enterobacter, Proteus which is more 
common in boys and children with urolithiasis, 
Providencia, Citrobacter, Morganella, Serratia, 
Pseudomonas, and Salmonella and gram-positive 
bacteria (i.e., Staphylococci and Enterococci). The 
pathogen probability is, however, dependent on age 
and gender. So the percentage rate of Enterococcus 
infections is higher in early infancy than at a later 
age (Haller et al. 2004; Gaspari et al. 2005). In a 
recent study, 20% of uropathogens in boys at the 
age up to 4 years and 15 % in girls at the same age 
were Enterococci (Gaspari et al. 2005). 

Fungal urinary tract infections (i.e., induced 
by Candida) and viral infections (i.e., Adenovirus) 
are extremely rare. 

The human gut microbiome is the main source 
of uropathogenic bacteria. After colonizing the 
periurethral region, these bacteria are able to 
invade the urinary tract by ascension. In E. coli, 
by far the most frequent pathogen, several special 
virulence factors are prerequisites for this ability, 
including lipopolysaccharides (O-antigen, up to 
80%), capsule antigen (up to 70%), flagellae 
(facilitating motility), cytotoxic enzymes (alpha- 
and beta-haemolysines), siderophores (for iron 
binding as a growth factor), and adhesines (Pili 
type I and Pap Pili). Pili type I are activated dur- 
ing invasion of the urinary tract and adhere spe- 
cifically to mannose-containing glycoprotein 
receptors at the surface of uroepithelial cells. Pap 
Pili are highly correlated with the capability of E. 
coli to induce pyelonephritis or urosepsis. 

However, microbial growth within the urinary 
tract is constrained by multiple host defense 
factors, contributing to the “innate system of 
immunity.” As an example, Tamm-Horsefall gly- 
coprotein (uromodulin) act to block bacterial 
adherence to the uroepithelium by binding of 
type I-Pili. Several other peptides and proteins, 
called defensins, are secreted into the fluid layer 
immediately above the epithelial layer, acting as 
antimicrobials by producing pores within the 
bacterial membrane which leads to cell lysis. 
Once bacteria have attached to the uroepithelium, 
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several specific ligand-receptor interactions are 
activated. These and further signal-transducing 
mechanisms result in an inflammatory response. 

The normal balance between bacterial viru- 
lence factors and host defense factors usually 
leads to a sterile urinary tract. However, if one or 
more host defense mechanisms do not work well, 
virulent bacteria can induce more or less severe 
infections. Undisturbed urine flow and regular 
voiding without residual urine is one of the most 
important host defense mechanisms. If they are 
altered by urinary obstruction, vesicoureteric 
reflux (VUR), or bladder dysfunction, the suscep- 
tibility to pyelonephritis increases, as these condi- 
tions facilitate the ascension of uropathogens to 
the upper urinary tract and kidney parenchyma. 
1.4.1 Risk Factors for Urinary Tract 
Infections 
In children, UTIs are often associated with blad- 
der dysfunction (Snodgrass 1991; Koff et al. 
1998). Frequently, children with dysfunctional 
voiding also suffer from constipation and/or 
encopresis, which lead to the term “dysfunctional 
elimination syndrome” (DES) (Koff et al. 1998; 
Nicholson and Smith 2007; Tokgoz et al. 2007) 
and recently “bladder and bowel dysfunction” 
(BBD) (Austin et al. 2014). The hypothesis that 
UTI in early infancy might promote the develop- 
ment of DES/BBD has not been proven (Shaikh 
et al. 2003). 

There is some consideration of genetic factors 
causing an increased susceptibility for UTI. They 
include genetic polymorphisms for Toll-like 
receptor 4 (TLR4), which is expressed by uroepi- 
thelial cells recognizing lipopolysaccharides in 
the cell wall of uropathogenic gram-negative 
bacteria, pro-inflammatory cytokines (i.e., TNF- 
alpha) or B-defensins. 

Uncircumcised boys bear a ten times higher 
risk than circumcised boys of having a UTI 
(Rushton and Majd 1992; Wiswell and Hachey 
1993). Colonization with uropathogens such as 
E. coli, Klebsiella, Enterobacter, Proteus mirabi- 
lis, and Pseudomonas aeruginosa in urethral and 
periurethral swabs from non-circumcised boys is 
much more frequent than in circumcised controls 
(Wiswell et al. 1988). 
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Take Away 
A disturbed balance of bacterial virulence 
and host defense factors leads to an 
increased susceptibility to urinary tract 
infections. 


15 Pyelonephritic Damage 
and Long-Term Consequences 


of Renal Scarring 


Pyelonephritis can progress to renal scarring espe- 
cially when it remains untreated over several days 
(Doganis et al. 2007; Hewitt et al. 2008). While it 
is well known that infants and young children bear 
a particular risk for pyelonephritic damage (Vernon 
et al. 1997), renal scars can also develop in later 
childhood and adolescence (Smellie et al. 1985; 
Benador et al. 1997; Jakobsson et al. 1999). The 
preexistence of parenchymal defects further 
increases this risk (Merrick et al. 1995). 

In recent years, it has become obvious that the 
individual risk for pyelonephritic scars might at 
least be partially genetically determined (Miller 
and Findon 1985; Ozen et al. 1999). With the 
presence of VUR, the risk of persistent renal 
damage rises more than threefold (Faust et al. 
2009). Generally, after pyelonephritis with renal 
parenchymal damage documented by DMSA- 
scintigraphy, 40% of affected kidneys develop 
persistent scarring (Faust et al. 2009). Significant 
delays in initiating antibacterial therapy increase 
the risk of renal scarring in experimental as well 
as in clinical settings (Miller and Phillips 1981; 
Ransley and Risdon 1981; Slotki and Asscher 
1982; Smellie et al. 1985; Glauser et al. 1987; 
Hiraoka et al. 2003). Early diagnosis and imme- 
diate therapy of UTI might be one of the most 
effective strategies in the prevention of renal 
scarring in patients with UTI (Doganis et al. 
2007). 

Pyelonephritic scarring and reflux nephropa- 
thy belong to the main causes of arterial hyper- 
tension in youth and young adulthood. In 
adolescent patients with renal scarring, preva- 
lence of arterial hypertension was found to be 
11-14% (Wallace et al. 1978; Beetz et al. 1989; 


R. Beetz 


Jacobson et al. 1989). The prevalence increases 
with the extent of damage, with bilateral mani- 
festation, and with increasing age (Lama et al. 
2003; Simoes e Silva et al. 2007). 


Take Away 
Pyelonephritic episodes may result in per- 
sistent focal or global parenchymal 
damage. 

1.6 Symptoms 


Newborns and very young infants with pyelone- 
phritis can present with nonspecific symptoms, 
i.e., with failure to thrive, poor feeding, jaundice, 
hyperexcitability or lethargy, and often without 
any fever (Ghaemi et al. 2007; Sastre et al. 2007). 
Among young febrile infants younger than 8 
weeks of age, the prevalence of UTI has been 
found to be 13.6%, with the majority of infec- 
tions occurring in male infants (Westenfelder and 
Beetz 2010). 

In infants after newborn age, peaking fever 
is the most important symptom of pyelonephri- 
tis after the age of 1 month. In at least 6% of 
febrile infants without a clinically recognizable 
focus, the source of fever is pyelonephritis 
(American Academy of Pediatrics 1999; Zorc 
et al. 2005b). 

In young children, lower urinary tract symp- 
toms like frequent voiding or pain at micturition 
are uncommon before the age of 2 years and are 
often lacking in acute pyelonephritis (Jodal and 
Hansson 1994). A first-time UTI classified as 
acute cystitis occurs especially in girls 2—6 years 
of age (Jodal and Hansson 1994). In later child- 
hood and youth, frequent voiding, dysuria, and 
suprapubic, abdominal, or lumbar pain are usu- 
ally complained of (Shaikh et al. 2007). 


Take Away 

Symptoms of UTI in infants and small chil- 
dren are often unspecific and can be 
misinterpreted. 
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1.7 Diagnosis 

Diagnosis of urinary tract infection depends on 
the detection of significant bacteriuria and an 
inflammatory response in the urinary tract (Ma 
and Shortliffe 2004; Zorc et al. 2005a). 


1.7.1 Urine Sampling 
Urine sampling by the best method available as 
well as careful urine investigation and critical 
interpretation of the results are crucial. In toilet- 
trained children and adolescents, a midstream 
urine can be obtained (Vaillancourt et al. 2007). 
In infancy and in non-toilet-trained children, 
diagnosing UTI and excluding it both can be 
challenging and depend not least on the mode of 
urine sampling (Craig et al. 2010; Tullus 2011). 
In these cases, bagged specimen is the most 
convenient and least traumatic method for obtain- 
ing a urine specimen. Unfortunately, the 
false-positive rate by contamination from outside 
the bladder is up to 50 %. In daily practice, leuko- 
cyturia and bacteriuria from bagged urine sam- 
ples therefore are often misdiagnosed as signs for 
UTI due to urine contamination. This can result 
in unnecessary treatment (radiological), investi- 
gations, and even unnecessary operations (like 
VUR correction). On the other hand, if over- 
looked, untreated UTI eventually leads to renal 
damage. For this reason, bagged urine is effective 
in ruling out the suspicion of urinary tract infec- 
tion but not useful in documenting it. If the uri- 
nalysis suggests an infection, a second urine 
specimen should be obtained by bladder punc- 
ture or catheterization (American Academy of 
Pediatrics 2011; Wingerter and Bachur 2011). 
The success rate regarding sufficient urine sam- 
ple volumes is best (almost 97 %) if ultrasound is 
used for the assessment of bladder filling 
(Kiernan et al. 1993; Buys et al. 1994). 
Complications of suprapubic bladder aspiration 
are extremely rare ranging from transient hema- 
turia to bowel perforation (Hildebrand et al. 
1981). 


1.7.2 Urine Analysis 
The diagnosis of UTI is best based upon a leuko- 
cyte count of at least 10 per microliter and growth 
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of a single pathogen at a concentration of at least 
50.000 colony-forming units/ml (CFU/ml) 
(Hoberman et al. 1996). 


Dipstick Test and Microscopy 

Dipstick tests are commonly used for detecting 
nitrite and leukocyte esterase as biochemical 
markers indicative of UTI (Deville et al. 2004). 
The urine dipstick test alone seems to be useful to 
exclude the presence of UTI if the results of both 
nitrite and leukocyte esterase are negative 
(Deville et al. 2004). If both nitrite and leukocyte 
esterase test in combination with indicative clini- 
cal symptoms are positive, UTI is most likely 
(Lohr 1991; Deville et al. 2004). However, posi- 
tive results have to be confirmed by urine culture. 
It might be useful to add microscopy of un- 
centrifuged urine within a Neubauer or Fuchs- 
Rosenthal hemocytometer (Hoberman et al. 
1996). Microscopy for bacteria with Gram stain 
has higher accuracy than all other rapid labora- 
tory tests (Williams et al. 2010), but it is not 
available in most clinical situations. 


Urine Culture 

The definitive diagnosis of a UTI is carried out by 
urine culture, depending on the number of 
colony-forming units (CFU) per ml. The count 
can be related to the method of specimen collec- 
tion, diuresis, time, and temperature of storage 
until cultivation occurs (Zorc et al. 2005a). Mixed 
bacterial cultures and low CFU counts are indica- 
tive of contamination. Due to its extremely high 
contamination rates, urine sampled in plastic 
bags should not be used for urine culture 
(Schlager et al. 1995). 

The classical definition of more than 105 
colony-forming units per milliliter (cfu/ml) of 
voided urine representing “significant bacteri- 
uria” is still used in daily practice (Lohr 1991; 
Piercey et al. 1993; Kass and Finland 2002). In 
midstream urine (MSU), more than10° cfu/mL is 
considered to be positive (Cavagnaro 2005). In 
urine obtained by catheterization or in urine 
obtained by suprapubic aspiration a number of 
10* cfu/mL are considered to be significant. 
Combining bacteriuria and pyuria in febrile chil- 
dren, the finding of >10 WBC/mm* and 


224 


>50,000 cfu/mL in a specimen collected by cath- 
eterization or bladder puncture is significant for a 
UTI and discriminates between infection and 
contamination (Hoberman et al. 1993, 1996; 
Hoberman and Wald 1997). 


1.7.3 Differentiation 

Between Pyelonephritis 

and Cystitis 
The differential diagnosis between upper (pyelo- 
nephritis) and lower UTI (cystitis, urethritis) has 
clinical implications, especially in infants and 
young children. In this age group, the clinical 
presentation tends to be nonspecific, and the risk 
of renal damage caused by pyelonephritis is con- 
sidered to be higher than in older children. 
Additionally, concepts of further imaging and 
treatment are frequently based on the level of 
UTI (American Academy of Pediatrics 1999). 

However, differentiation between pyelone- 
phritis and lower UTI is sometimes difficult. The 
presence of fever, flank pain, leukocytosis, eleva- 
tion of C-reactive protein, leukocyte cylinders 
in the urine, and sonographically documented 
swelling of the kidney suggest the existence of 
pyelonephritis; however, specificity and sensitiv- 
ity of these parameters are quite low (Garin et al. 
2007). Today, serum procalcitonin is considered 
the most reliable serum marker for early predic- 
tion of renal parenchymal inflammation in the 
first febrile UTI (Kotoula et al. 2009). 

Cortical scintigraphy (“DMSA scan”) has 
proven to be the most sensitive parameter for the 
detection of parenchymal involvement; increas- 
ingly MRI with diffusion-weighted imaging is seen 
as an alternative. The commonly used radiophar- 
maceutical, dimercaptosuccinoc acid, is taken up 
by the proximal tubular cells directly from the peri- 
tubular vessels. Inflammation results in reduced 
intrarenal blood flow. Areas of decreased cortical 
uptake of the tracer indicate the presence of an 
acute pyelonephritis. In a study on piglets, DMSA 
scan has been shown to have a sensitivity of 91 % 
and a specificity of 99 % in the diagnosis of acute 
pyelonephritis (Rushton 1997). Color-coded power 
doppler sonography is also used for the detection of 
hypoperfused parenchymal areas but has a lower 
sensitivity and specificity (Halevy et al. 2004). 
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Take Away 

An adequate urine sampling technique and 
urine investigation (including microbiolog- 
ical culture and bacterial resistance testing) 
are prerequisites for a successful diagnosis 
and treatment. 


1.8 Therapy 

The main objectives in the treatment of child- 
hood UTIs are rapid recovery from complaints, 
prevention of urosepsis and infection-related 
complications, and the prevention of renal paren- 
chymal damages (Doganis et al. 2007; Coulthard 
et al. 2009; Doganis and Sinaniotis 2009). 

The choice of the appropriate antibiotics, the 
duration of therapy, and the form of application 
depend on age, severity of clinical symptoms, 
and the presence of complicating factors. 
Additionally, the regional resistance rates of uro- 
pathogens have to be considered when calculated 
antibacterial therapy is initiated. 

An acute, symptomatic UTI mostly requires 
an antibacterial therapy before the pathogen is 
known and the results of a resistance test are 
available. Thus, the selection of the antibiotics 
follows the highest pathogen probability. The 
pathogen’s responsiveness to antibiotics depends 
on the natural resistance and the actual resistance 
situation, which can differ largely from region to 
region. After antibacterial pretreatment and dur- 
ing antibacterial prophylaxis, the risk of resistant 
uropathogens is particularly high (Lutter et al. 
2005). In case of pre-existing abnormalities or 
dysfunctions of the urinary tract (so-called com- 
plicated UTIs), after earlier UTIs, and under anti- 
bacterial prophylaxis, non-E. coli strains are 
more often to be reckoned with. This is also true 
for nosocomial UTIs and in UTI associated with 
foreign bodies in the urogenital tract or within 
urolithiasis. 

1.8.1 Pyelonephritis in Newborns 

and Early Infancy 

In newborns and young infants, a febrile UTI 
proceeds considerably more frequent in the form 
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of urosepsis than in older children. In up to 
approximately 10-15% positive blood cultures 
are to be found. Electrolyte disorders with 
hyponatremia and hyperkalemia can occur, 
probably because of a temporary pseudo- 
hypoaldostearonism. For these reasons, new- 
borns and infants in the first two to six months of 
life initially require a parenteral antibacterial 
therapy under inpatient conditions. The combina- 
tion treatment with ampillicin and an aminogly- 
coside (tobramycin, gentamicin), respectively, a 
cephalosporin of group 3, achieves a great 
therapeutic safety (high efficacy of aminoglyco- 
sides, respectively, cephalosporins against com- 
mon uropathogens; enterococcus gap is closed 
with ampillicin). When applying aminoglyco- 
sides, a daily single dose is safe and effective 
(Contopoulos-Ioannidis et al. 2004; Bloomfield 
et al. 2005; Hodson et al. 2007). After deferves- 
cence, and after the microbiological resistance 
results are known, a parenteral, calculated ther- 
apy can be changed over to a targeted resistance- 
appropriate medication. The duration of antibiotic 
therapy is 7-14 days. 


1.8.2 Therapy of Pyelonephritis 
in Late Infancy and Childhood 

According to newer studies, an exclusively oral 
therapy with a cephalosporin of group 3 (i.e., 
cefixime, ceftibuten) is equal to the usual 2—4 
days of intravenous therapy followed by an oral 
treatment. This is true for the duration of fever, as 
well as for the development of persistent renal 
scars (Hoberman et al. 1999; Hodson et al. 2007; 
Neuhaus et al. 2008). Similar data has been 
shown for amoxicillin-clavulanate (Montini et al. 
2007). However, children with urinary tract 
abnormalities have been excluded from all ran- 
domized studies comparing the equality of an 
oral therapy to the parental treatment (Hoberman 
et al. 1999; Montini et al. 2007; Neuhaus et al. 
2008). Hence, in case of pyelonephritis in infancy 
and childhood, the antibacterial treatment with an 
oral cephalosporin of group three can be carried 
out after thorough consideration, if a good com- 
pliance is to be expected and medical surveil- 
lance and therapy are warranted, and if severe 
urinary tract malformations have been excluded 
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(Bloomfield et al. 2005). Regarding the optimal 
duration of therapy, a meta-analysis provided an 
empirical basis for the current practice of treating 
pediatric UTIs for 7-14 days (Keren and Chan 
2002). 


1.8.3 Therapy of Complicated 
Pyelonephritis 

In complicated UTI, non-E. coli uropathogens, 
such as Proteus mirabilis, Klebsiella spp., Indol- 
pos. Proteus spp., Pseudomonas aeruginosa, 
Enterococci, and Staphylococci, are to be antici- 
pated more often. A parenteral treatment with 
broad-spectrum antibiotics is to be preferred to 
oral therapy. A temporary urinary diversion 
(suprapubic cystostomy or percutaneous neph- 
rostomy) might be required in case of therapy 
failure in obstructive uropathies (i.e., severe pyo- 
nephrosis with urethral valves, obstructive mega- 
ureter, or ureteropelvic junction obstruction). 


1.8.4 Therapy of Acute Focal 

Bacterial Nephritis, Renal 

Carbuncle, and Abscess 
Acute focal bacterial nephritis (“lobar nephro- 
nia’) is a localized bacterial infection of the kid- 
ney presenting as an inflammatory mass without 
abscess formation, which may represent a rela- 
tively early stage of renal abscess. For the major- 
ity of children, the pathogenesis is related to 
ascending infection due to pre-existing uropathy, 
especially VUR or urinary obstruction. Prolonged 
intravenous antibiotic treatment is sufficient in 
most cases (Klar et al. 1996); 3 weeks of intrave- 
nous and oral therapy tailored to the pathogen 
noted in cultures seem to be superior to shorter 
treatment (Cheng et al. 2006). 

Renal cortical abscesses (“carbuncles”) are 
caused by hematogenous spreading originating 
from another focus of bacterial infection (e.g., 
skin infection such as infected wounds, furuncu- 
losis, or skin abscess), the most frequent patho- 
gen being Staphylococcus aureus. In most of 
these cases, urine cultures are sterile. Mostly, a 
prolonged parenteral calculated combination 
therapy including  beta-lactamase-resistant 
antibiotics targeting Staphylococcus aureus is 
sufficiently effective. More rarely, additional 
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percutaneous drainage, open surgical revision, or 
nephrectomy is required (Jemni et al. 1992; 
Steiss et al. 2014). 

Renal corticomedullary abscesses are some- 
times observed as complications of ascending 
UTIs with vescicorenal (intrarenal) reflux or in 
urinary tract obstruction. These abscesses often 
are preceded by pyelonephritis or by focal bacte- 
rial nephritis (“lobar nephronia’) caused by 
gram-negative bacteria, e.g., E. coli (Shimizu 
et al. 2005). 


1.8.5 Therapy of Cystitis 

and Cystourethritis 
Symptomatic afebrile UTIs with dysuria, alguria, 
pollakisuria, lower abdominal pain, and/or onset 
of secondary urinary incontinence require a treat- 
ment which guarantees high urine levels of the 
antibiotic used. In principle, simple antibiotics 
should be preferred to highly effective reserve 
antibiotics in uncomplicated cystitis to avoid fur- 
ther development of resistance in the population. 
The recommended duration of therapy is 3-5 
days (Michael et al. 2003). 


1.8.6 Control of Therapeutic Success 

Under successful treatment, the urine usually 
becomes sterile after 24 h, and leukocyturia nor- 
mally disappears within 3—4 days. Normal body 
temperature can be expected within 24-48 h after 
the start of therapy in 90 % of cases. CRP mostly 
normalizes after 4-5 days (Jodal and Hansson 
1994). In cases of prolonged fever and failing 
recovery, one should consider a resistant uro- 
pathogen or the presence of an uropathy or an 
acute urinary obstruction (e.g., due to a urinary 
calculus), which urgently demands imaging. 


1.8.7 Asymptomatic Bacteriuria 

Infants and children with asymptomatic bacteri- 
uria (ABU) have a low risk of developing pyelo- 
nephritis. ABU are commonly caused by low 
virulent uropathogenic bacteria almost leading to 
a colonization — not, however, to an infection. 
They can even protect the urinary tract from inva- 
sion by bacteria of higher virulence. In most 
cases, asymptomatic bacteriuria resolves sponta- 
neously after a few weeks or months. It has been 
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shown that the rate of pyelonephritic episodes was 
higher in girls who were treated for asymptomatic 
bacteriuria than in those who stayed untreated in 
spite of bacteriuria (Hansson et al. 1989a, b). 
Asymptomatic bacteriuria in patients without 
accompanying uropathy, bladder dysfunction, or 
history of pyelonepritic episodes does not call for 
antibacterial therapy at all. If antibacterial therapy 
becomes necessary for other reasons, e.g., otitis 
media or pneumonia, a symptomatic UTI can 
occur thereafter due to a shift toward more virulent 
uropathogenic bacteria (Hansson et al. 1989a, b). 


Take Away 

The therapeutic strategy for antibacterial 
treatment depends on the patient’s age, the 
severity of clinical symptoms, as well as 
underlying complicating factors. 


1.9 Diagnostic Work-Up 

1.9.1 Diagnostic Imaging 

The main aims of diagnostic imaging in symp- 
tomatic UTI are the detection of risk factors such 
as severe congenital anomalies of kidney and 
urinary tract (CAKUT) and VUR as well as 
acquired or congenital renal damage. This is 
especially true after pyelonephritic episodes and 
at a young age. 


Ultrasonography (US) US is available in most 
pediatric clinics being widely used as first-line 
imaging in acute UTI. Its relevance has been 
questioned, especially when prenatal US screen- 
ing has excluded severe CAKUT (Miron et al. 
2007; Montini et al. 2009). However, US is an 
attractive first-line imaging modality in infants 
and children with UTI, especially when there is 
no systematic third-trimester prenatal screening 
(Preda et al. 2010). Contrast-enhanced sono- 
graphic techniques (VUS) have furthermore wid- 
ened the potential of US for VUR assessment. 


DMSA Scan Today, DMSA scan still is consid- 
ered the most sensitive parameter for the detection 
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of parenchymal involvement in pyelonephritis 
and has become the gold standard for imaging 
transient and permanent kidney damages. Areas 
of decreased cortical uptake of tracer indicate the 
presence of acute pyelonephritis. As renal scar- 
ring then is represented by areas of decreased 
uptake in association with volume loss, a repeat 
examination at least 6 months later is necessary 
to demonstrate if the lesion has resolved or has 
progressed into a permanent scar. 


Voiding Cystourethrogram Current guide- 
lines of the American Association of Pediatrics 
(AAP) are stating that in infants 2-24 months, 
“VCUG should not be performed routinely after 
their first febrile UTI.” Rather, VCUG should be 
performed “if US reveal hydronephrosis, scar- 
ring, or other findings that would suggest either 
high-grade VUR or obstructive uropathy, as well 
as in other atypical or complex clinical circum- 
stances” (American Academy of Pediatrics 
2011). However, normal US does not exclude 
dilating VUR. Therefore, this statement was crit- 
icized by several authors (Friedman et al. 2013; 
Juliano et al. 2013). Indeed, there is a limitation 
of VUR assessment to cases with defined risk 


factors according to the probability of relevant 
VUR grades and to the risk of renal damage in 
some other currently published guidelines 
(Table 2). 

If performed more than | week after a pyelone- 
phritic episode, the timing of the VCUG does not 
influence the results (Craig et al. 1997; McDonald 
et al. 2000; Mahant et al. 2001; Sathapornwajana 
et al. 2008; Doganis et al. 2009). Commonly, 
antibacterial therapy or prophylaxis should be 
continued until the VCUG. For further details, 
refer to chapter “Vesicoureteric Reflux”. 


There is no indication for performing an IVU 
any longer in the setting of UTI. The role for CT 
and/or MRI is discussed in the respective chapter 
“Imaging in Urinary Tract Infections”). 


Imaging Diagnostic Strategies 

Today, there exist two principal philosophies 
regarding the rational usage and sequence of 
imaging. 


“Bottom-Up Strategy” One suggested path- 
way is to carry out a VCUG (or ce-VUS) and then 
stop if no VUR is detected. If VUR is seen, then 


Table 2 Recommendations for reflux assessment after febrile urinary tract infection in different guidelines 


Indications for reflux assessment 


Guideline/approach Age 

AAP Guideline (American Academy | Two months-two years 
of Pediatrics 2011) 

(American Academy of Pediatrics) 

2011 


After the second pyelonephritis 

or 

In case of sonographically detectable 
abnormalities of the kidney or/and urinary 
tract 


NICE Guideline (Mori et al. 2007) 
(England) 
2007 


<6 months 
>6 months 


Two months-two years 


Not routinely, but after “atypical UTT” 
(very severe course of UTI, urosepsis, 
non-E. coli UTI, resistance to adequate 
therapy after 48 h) 

or 

Pathological ultrasonographic findings 
only with risk factors (urinary tract 
dilatation, non-E. coli UTI, positive 
family history for reflux) 


ISPN (Ammenti et al. 2012) 
(Italian Society of Pediatric 
Nephrology) 

2014 


Two months-three years 


Intrauterinely detected sonographic 
abnormalities, positive family history for 
reflux, urosepsis, chronic kidney disease, 
age <6 months in boys, bladder 
dysfunction, resistance to adequate 
therapy after 72 h, non-£. coli UTI 


“Top-down approach” (Preda et al. 
2007, 2011)° 


Only with signs of renal damage in 
DMSA scintigram during UTI 
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a late DMSA scan would probably be required to 
assess the extent of any renal damage. The goal 
of this strategy is early detection of VUR and pre- 
vention of ascending UTIs. In many European 
countries, VUR diagnostics is the first-line diag- 
nostics in routine radiological imaging after 
pyelonephritis, as after UTI, VUR can be detected 
in 30% of the affected children. 


“Top-Down Strategy” The alternative pathway 
is a DMSA (or US or MRI) scan to identify an 
abnormal kidney. If abnormal, the child requires 
VUR assessment. The goal of this strategy is 
early detection of renal damage. 


Today, DMSA scan has become an instru- 
ment for the selection of high-risk patients who 
demand further imaging and prophylaxis. In 
many studies, DMSA changes in acute UTI 
indicating pyelonephritis or parenchymal dam- 
age, respectively, correlated well with the pres- 
ence of dilating VUR and the risk of further 
pyelonephritic episodes, breakthrough infec- 
tions (Shiraishi et al. 2010), and future renal 
scarring. Newer strategies therefore support the 
use of DMSA (if renal involvement is not 
already detected by US) as first-line diagnostic 
based on the observation that dilating VUR 
occurs almost exclusively in children with 
abnormal DMSA (Hansson et al. 2004; Preda 
et al. 2007). The new strategies have also influ- 
enced current pediatric uroradiological guide- 
lines (Riccabona et al. 2008). However, recent 
clinical practical guidelines of the American 
Academy of Pediatrics do not recommend 
nuclear scans as part of routine evaluation of 
infants with their first febrile UTI for the find- 
ings rarely affect acute clinical management 
(American Academy of Pediatrics 2011). 


1.9.2 Serum and Urine Markers 

It is debatable if the current trend toward a “top- 
down approach” (i.e., indication for VUR assess- 
ment dependent on changes in renal imaging) 
does in fact significantly minimize the overall 
radiological burden besides sparing VCUGs 
(Saadeh and Mattoo 2011). Many efforts have 
been made to find laboratory parameters, which 


R. Beetz 


further enable the reduction of evaluation imag- 
ing protocols. 

Serum procalcitonin and urine markers such 
as interleukin-8 are also potential noninvasive 
tools for identifying renal parenchymal involve- 
ment and the risk of renal damage (Galanakis 
et al. 2006; Leroy et al. 2007). Recently, Leroy 
et al. confirmed that PCT >0.5 mg/l is a sensitive 
and validated predictor strongly associated with 
VUR higher than grade II, regardless of the pres- 
ence of early renal parenchymal involvement in 
children with a first UTI (Leroy et al. 2011). 


1.9.3 Bladder Function Diagnostics 
When voiding dysfunction is clinically suspected 
(e.g., with incontinence, pollakisuria, urge symp- 
toms, voiding postponement, etc.), a careful his- 
tory of voiding habits and a urodynamic 
evaluation, restricted to uroflowmetry with or 
without pelvic floor electromyography and sono- 
graphic measurement of bladder wall thickness 
and postvoiding residual urine should be 
performed (see also chapter “Non-neurogenic 
Bladder-Sphincter Dysfunction (“Voiding 
Dysfunction”)”). Furthermore, fluid intake, void- 
ing frequency, and voiding volumes should be 
recorded in a two-day protocol. These basic diag- 
nostic parameters enable a clinical functional 
diagnosis without further invasive measures in 
most cases (Neveus et al. 2006). Video cystometry 
should usually be reserved for the evaluation of 
neuropathic bladders (see chapter “Neurogenic 
Bladder in Infants and Children”). 


Take Away 

Diagnostic imaging should follow the 
“ALARA principle” by opting for the most 
convenient and informative strategy with 
the least X-ray burden available. 


1.10 Prophylaxis 


In infants and children being susceptible to 
pyelonephritis and UTI recurrences, effective 
prophylactic measures are eligible. Prophylaxis 
should always include the efficient management 
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of bladder and/or bowel dysfunction, as well as 
the treatment of other predisposing factors. 


1.10.1 Chemoprophylaxis 

A long-term antibacterial prophylaxis is to be con- 
sidered in cases of high susceptibility to UTIs and 
risk of acquired renal damage. These are, for 
instance, patients with dilating VUR (Nuutinen and 
Uhari 2001), with recurrent pyelonephritic epi- 
sodes, or with significant urinary tract obstruction 
(e.g., high-grade megaureters, urethral valves) 
(Ulman et al. 2000; Herndon 2006; Song et al. 
2007; Walsh et al. 2007; Coelho et al. 2008; Lee 
et al. 2008; Herndon and Kitchens 2009; Gimpel 
et al. 2010). Whereas several prospective, random- 
ized studies did not support the efficacy of antibac- 
terial prophylaxis in low-grade VUR (Garin et al. 
2006; Montini et al. 2008; Pennesi et al. 2008; 
Roussey-Kesler et al. 2008), currently published 
data of two elaborate studies showed a clear superi- 
ority of prophylaxis over placebo or pure observa- 
tion strategy in VUR patients after UTI (Brandstrom 
et al. 2010a, b; RIVUR Trial Investigators 2014). 


Take Away 

Antibacterial prophylaxis is recommended 
in children with the highest risk of recur- 
rence and pyelonephritic scarring. 


1.10.2 Treatment of Bladder 
Dysfunction and Obstipation 

Normalization of micturition disorders or bladder 
overactivity is a paramount measure to lower the 
recurrence rate of UTIs in a child (Winberg 1990). 
Often, dysfunctional voiding is associated with 
constipation. It is well known that treatment of 
constipation leads to increasing urinary conti- 
nence and avoidance of UTI recurrences (O’ Regan 
and Yazbeck 1985; O’ Regan et al. 1985; Loening- 
Baucke 1997; De Paepe et al. 2000). 


1.10.3 Breast Milk Feeding 

Breast milk feeding significantly protects against 
UTIs at least during the first months of life 
(Miller and Krieger 2002). In a case control 
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study, the protective effect of breastfeeding was 
highest soon after birth and declined to zero up to 
the seventh month of life. It contributed to a 
diminished rate of UTIs even after ablactation, 
demonstrating a prolonged effectiveness (Marild 
et al. 2004). 


1.10.4 Circumcision 

There is good evidence that circumcision lowers 
the risk of urinary tract infections, not only in 
infants but also in toddlers (Wiswell et al. 1988; 
Herzog 1989; Craig et al. 1996). However, the 
authors of a recent meta-analysis came to the result 
that 111 circumcisions would be necessary in the 
whole male newborn population to avoid one 
UTI. The number to treat (NTT) is much lower in 
high-risk patients: a number of 11 for boys with 
recurrent UTIs and a number of 3 for boys with 
dilating VUR were calculated in the same study 
(Singh-Grewal et al. 2005). Some pediatric urolo- 
gists therefore consider a “prophylactic” circumci- 
sion in high-risk male patients, e.g., infants with 
urethral valves, with high-grade VUR, or with 
severe neurogenic bladder (Malone 2005). 


2 Vesicoureteral Reflux (VUR) 


2.1 Introduction 

Up to 30-50% of children presenting with their 
first UTI are subsequently diagnosed with VUR 
(Greenfield and Wan 1996; American Academy 
of Pediatrics 1999). 

Scarcely another topic in pediatric urology 
has been discussed more controversially than 
VUR. Despite growing knowledge on the 
interrelations between VUR, UTI, and renal 
scars, the significance of VUR in the pathogene- 
sis of pyelonephritis and renal damage remains 
contentious. 


2.2 Definition and Classification 

The backflow of urine into the ureter or up to the 
renal pelvis is called vesicoureteral, vesicoure- 
teric, or vesico-renal reflux. Whereas primary 
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VUR relies on an isolated dysfunction of the ure- 
terovesical closing mechanism, secondary VUR 
results among other things from anatomical 
infravesical obstruction (i.e., urethral valves) or 
disorders of bladder function (i.e., neurogenic 
bladder, detrusor-sphincter dyscoordination). 


2.3 Etiology and Pathogenesis 
Anatomical and functional prerequisites for a 
normal closing mechanism of the ureterovesical 
junction are (1) a sufficient anchorage of the dis- 
tal ureter at the lateral aspect of the trigonum, (2) 
an angular routing and a sufficient intramural and 
submucous length of the terminal ureteral seg- 
ment, (3) a slit-shaped ostium, (4) a regular struc- 
ture of the trigonal musculature, and (5) an 
undisturbed bladder function. Failure of one or 
more of these prerequisites can result in VUR. In 
extreme cases, the confluence of the ureter 
becomes widely gaping instead of slit-shaped. 

There are several hypotheses regarding the eti- 
ology of VUR. One of the mostly accepted is the 
“bud theory” (Mackie and Stephens 1975) based 
on the assumption of a dystopic sprouting of the 
ureteric bud from the Wolff duct, which leads to a 
lateralized ureteric confluence with a short intra- 
mural routing. 

One important etiological factor in primary 
VUR is a genetic disposition caused by polygenic 
or multifactorial transmission mechanisms 
(Murawski and Gupta 2006; Murer et al. 2007). 
About 30% of asymptomatic siblings of an 
affected child also present with VUR in screening 
(Redman 1976; Noe 1996, 2002; Hollowell and 
Greenfield 2002) (Table 3). The risk declines 
with growing age of the sibling being 10 % above 
the age of 6 years (Connolly et al. 1997). 


2.4 “Reflux Nephropathy” 


and Renal Scarring 


Over 30 % of children with UTI presenting with a 
radiologically detected VUR show renal scars in 
the ipsilateral kidney (Smellie et al. 1975). In 
contrast, these parenchymal changes rarely exist 
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Table 3 Percentage of cases with VUR in different risk 
groups 


| Percentage of children 
with VUR 
Risk group (approximation) (%) 
Unilateral multicystic kidney | 20 
(contralateral VUR) (Ismaili 
et al. 2005) | 
Unilateral renal agenesia |28 
(contralateral VUR) (Cascio 
et al. 1999) | 
Ureteropelvic junction 10 
obstruction (ipsilateral VUR) 
(Lebowitz and Blickman 
1) |! 
Siblings of reflux patients 30 
(Hollowell and Greenfield 


2002) 

Children of parents with | 66 
VUR (Noe 2002) 

Children with urinary tract [30 
infection 


Normal population (for 
comparison) (Bailey 1979) 


in the non-refluxing contralateral kidney of the 
same child (Beetz et al. 1989; Polito et al. 2001). 
Radiologically detectable scars have therefore 
been classified as “reflux nephropathy” (Smellie 
and Normand 1979). The proportion of renal 
units with reflux nephropathy correlates with the 
VUR grade. Basically, there are two conditions 
potentially leading to renal damage in association 
with VUR: 


“Congenital Reflux Nephropathy” Approx- 
imately one-third of newborns with sonographi- 
cally presumed and proven VUR present with 
parenchymal defects in DMSA scans (Yeung 
et al. 1997; Tsai et al. 1998). Therefore, in many 
cases of dilating VUR, renal damage is already 
present at diagnosis and is rather a congenital 
kidney malformation associated with VUR than 
an acquired lesion. During the last decade, VUR 
and reflux nephropathy have been recognized as 
parts of a multifactorial disturbance of ureterore- 
nal development, “CAKUT” (congenital anoma- 
lies of kidneys and urinary tract) (Nakai et al. 
2003; Nakanishi and Yoshikawa 2003). This con- 
genital association of VUR and renal damage can 


UTI and VUR 


probably be explained by a disorganization of 
ureteral development in the early embryonic 
stage (Najmaldin et al. 1990). If the ureteral bud 
arises aberrantly from its typical origin at the 
Wolff duct, it can connect to undifferentiated 
parts of the metanephrogenic blastema, thus 
inducing dysplastic renal parenchyma. Dilating 
VUR is predominantly detected in boys, with 
dilating ureters or renal pelvices being noticed by 
US (Yeung et al. 1997). As the proportion of 
renal units with parenchymal damage increases 
with VUR grade, this might explain why male 
infants are more often affected by congenital 
reflux nephropathy than girls. 


Acquired Pyelonephritic Renal Damage 
Associated with VUR The emerging develop- 
ment of renal scars is usually associated with the 
occurrence of a pyelonephritic episode (Smellie 
et al. 1985). A VUR is said to favor the ascension 
of uropathogens up to the kidney. However, there 
is growing uncertainty on the pathogenic impor- 
tance of VUR in the development of pyelone- 
phritic scars (Garin et al. 2006; Polito et al. 2006). 
Systematic studies using DMSA scans demon- 
strated that pyelonephritic scars can develop in 
comparable numbers in infants and children with 
and without VUR (Garin et al. 1998). These 
results shed a new light on the dignity of VUR: 
pyelonephritis, not VUR itself, is the crucial 
mechanism leading to parenchymal damage in 
acquired “reflux nephropathy” (Gordon et al. 
2003; Moorthy et al. 2005). 

The following factors increase the risk for 
acquired renal damage: recurrent pyelonephritis, 
therapeutic delay of pyelonephritis, and high- 
grade VUR/intrarenal reflux. Whereas it is well 
known that infants and young children bear a par- 
ticular risk for pyelonephritic damage (Vernon 
et al. 1997), renal scars can also develop during 
later childhood and adolescence (Smellie et al. 
1985; Benador et al. 1997; Jakobsson et al. 1999). 
In recent years, it has become obvious that the 
individual risk for pyelonephritic scars might at 
least be partially genetically determined (Ozen 
et al. 1999). 

Under physiological circumstances, a sterile 
VUR itself does not lead to renal damage. In the 
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absence of UTIs, acquired refluxive parenchymal 
damage might only emerge resulting from massive 
intravesical pressure (by a so-called water hammer 
effect) like with extremely pronounced detrusor- 
sphincter dyssynergia or with urethral valves. 

In summary, renal scarring associated with 
VUR might be a partial aspect of a CAKUT ora 
result of pyelonephritic damage. In boys, conna- 
tal reflux nephropathy dominates, whereas in 
girls pyelonephritis facilitated by VUR is pre- 
dominantly responsible for renal scarring 
(Wennerstrom et al. 2000; Swerkersson et al. 
2007). 


Take Away 

Recurrent pyelonephritic episodes, thera- 
peutic delay, and high-grade VUR increase 
the risk of acquired renal damage. 


2.5 Epidemiology and Symptoms 

In a historical study, the prevalence of VUR was 
1% in healthy infants (Bailey 1979). The real 
percentage might be considerably higher (Sargent 
2000; Williams et al. 2008). However, a VUR can 
be detected in 30 % of children with symptomatic 
UTI (Sargent 2000). The detection rate in girls is 
higher than in boys due to the higher cumulative 
incidence of UTIs in girls beyond the first year of 
life. VUR is frequently associated with renal 
anomalies and malformations of the urinary tract 
(Table 2). 

In contrast to UTI, there is no specific symp- 
tomatology of VUR. Therefore, VUR is most 
detected by imaging diagnostics after symptom- 
atic UTIs. Occasionally, micro-hematuria or recur- 
rent flank pain is the only clinical symptoms. 


2.6 Diagnosis 
The main aim of VUR diagnostics is the detec- 
tion of VUR before avoidable parenchymal dam- 
age arises. 

There are some controversies about the indi- 
cation of VUR diagnostics after UTIs. Since the 
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risk of pyelonephritic renal scarring is highest in 
early infancy, consensus exists about the indica- 
tion in this age group. Indications for VUR 
assessment in different current guidelines after 
UTI are listed in Table 2. In asymptomatic new- 
borns with unilateral multicystic kidney or renal 
agenesia, VUR can be found in over 20 % of the 
children in the contralateral uretero-renal unit. 
Nevertheless, the indication for VCUG should be 
reluctant. If any abnormalities (i.e., dilatation of 
urinary tract, sign for renal dysplasia or renal 
scarring, etc.) are excluded by repeated US in the 
contralateral uretero-renal unit, a VCUG might 
be renounced (Ismaili et al. 2005). 

Siblings of VUR patients bear a high genetic 
risk of having VUR. The early diagnosis by screen- 
ing opens the opportunity of early VUR detection 
and avoidance of UTIs by prophylaxis (Van den 
Abbeele et al. 1987; Houle et al. 2004). However, 
in the overwhelming number of cases, low VUR 
grades will be found which probably have no path- 
ological relevance (Bonnin et al. 2001; Hollowell 
and Greenfield 2002). There exists no single study 
which proves that screening and treatment of 
asymptomatic siblings of VUR patients reduce the 
risk of pyelonephritis scarring. 

Radiological voiding —cystourethrogram 
(VCUG) remains the gold standard for VUR 
detection (Riccabona 2002). Several other 
imaging techniques have been established as 
promising alternatives to the radiological VCUG. 
Sophisticated contrast-enhanced sonographic 
techniques have been proven to reach the same 
sensitivity and specificity as radiological meth- 
ods, if appropriate contrast mediums are transure- 
thrally applied (Darge et al. 2005; Darge 2008). 
Direct radionuclide cystography (e.g., with °™Tc- 
MAG3) is also highly sensitive. For further 
details, refer to chapter “Vesicoureteric Reflux”. 


Take Away 

The individual indication for VUR diagnos- 
tics should consider age, sex, US findings, 
the number of pyelonephritic episodes, as 
well as signs of pyelonephritic damage on 
DMSA renography, if available. 
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2.7 Therapy 

The main goal of any therapy in VUR is the pre- 
vention of acquired parenchymal damage by 
ascending UTIs with their potential sequelae 
such as hypertension and/or chronic kidney fail- 
ure. However, in many cases of dilating VUR, 
renal damage is already present at diagnosis and 
is rather a congenital kidney malformation asso- 
ciated with VUR than an acquired lesion. 

Today, several therapeutic options can be cho- 
sen for the therapy of VUR. They include long- 
term antibacterial prophylaxis, open surgery, 
endoscopic therapy, and — last but not least — 
“watchful waiting” without medication. 

Due to the fact that low- to medium-grade 
VURs may spontaneously resolve, the current 
standard of care for most children, at least ini- 
tially, is long-term antibacterial prophylaxis to 
prevent UTI (Peters et al. 2010; Tekgul et al. 
2012). Another option, presumably indicated in 
high-grade VUR, is surgical correction in order 
to prevent the ascension of bacteria to the kid- 
ney. In VUR grades I-IV, surgical correction 
and long-term antibacterial prophylaxis show no 
difference regarding the risk of renal damage. 
However, if dilating VUR persists during long- 
term antibacterial prophylaxis, the disadvantages 
of antibiotics such as side effects or the develop- 
ment of bacterial resistance limit its practicability. 

Until recently, open surgery was the only 
option in VUR correction. Currently, endoscopic 
injection with dextranomer/hyaluronic acid 
copolymer or other bulking agents is being 
widely used (Elder et al. 2007). Actually, in lower 
to mild VUR grades, no treatment at all seems to 
also be a quite secure strategy if pyelonephritis 
episodes are promptly treated. 

The wide spectrum of treatment options today 
provides the opportunity of sophisticated thera- 
peutic and prophylactic strategies. However, in 
spite of several national guidelines published or 
being in process, no consensus has been found 
yet regarding the best therapy for different grades 
of VUR and renal involvement (Peters et al. 2010; 
Finnell et al. 2011; Tekgul et al. 2012). 

The individual, risk-oriented decision for sur- 
gical or conservative treatment of dilating VUR 
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should depend on multiple determinants such as 
age and sex, bladder function, degree of VUR, 
recurrences of symptomatic UTIs, pre-existing 
renal scars, compliance, and the expectations of 
parents (Tekgul et al. 2012). 

2.7.1 Long-Term Observation 

and Antibacterial Prophylaxis 

The proportion of refluxing ureters in the popula- 
tion as well as the degree of VUR in persistently 
refluxing renal units decreases with growing age. 
This phenomenon of “reflux maturation” encour- 
ages a strategy of “watchful waiting” (Edwards 
et al. 1977). Conservative strategies today rely on 
this concept using antibacterial long-term 
prophylaxis to decrease the risk of UTI recurrences 
as long as VUR has not been resolved or 
downgraded. 

Today, nitrofurantoin and trimethoprim are 
the substances of first choice used for antibacte- 
rial prophylaxis of UTIs. Cefaclor also has its 
place in long-term antibacterial prophylaxis 
(Kaneko et al. 2003). 

The indications for antibacterial prophylaxis 
differ from country to country and from clinic to 
clinic. The guidelines of the American Urological 
Association (AUA) recommend antibacterial 
prophylaxis independent of VUR grade in all 
cases, if there is no absolute indication for surgi- 
cal repair (Elder et al. 1997). In a Swedish 
guideline published in 1999, an antibacterial pro- 
phylaxis is exclusively used with VUR grades 
M-Y and continued for | year. Thereafter, 
prophylaxis is continued if the VUR is not down- 
graded to grades 0-II (Jodal and Lindberg 1999). 

In dilating VUR (grades I-IV), the results of 
randomized prospective studies, especially of the 
International Reflux Study (IRS), demonstrated 
that conservative and surgical therapy were equiv- 
alent if renal scarring was taken as an endpoint 
(Jodal et al. 2006). In the IRS, renal growth and 
recurrence rate of UTIs were almost identical, 
whereas febrile UTI more frequently occurred 
with conservative treatment (Jodal et al. 2006). 

The optimal duration of long-term antibacte- 
rial prophylaxis is as debatable as its indication. 
Following the rationales for antibacterial prophy- 
laxis, it should be continued until the increased 
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risk of pyelonephritic recurrences is diminished 
and/or the risk of renal scars is “outgrown.” 

In girls with VUR, the decision for stopping 
antibacterial prophylaxis is comparatively more 
difficult. The cessation of antibacterial prophy- 
laxis is an individual decision which must con- 
sider the duration of the previous infection-free 
period, the degree of reflux, pre-existing paren- 
chymal damage, and the existence of bladder 
dysfunction. Last but not least, the decision 
depends on the compliance and reliability of the 
family. Long-term prophylaxis in boys over 1 
year of age with conservatively monitored pri- 
mary VUR might be dispensable because the risk 
of recurrence is extremely low in boys at this age 
(Winberg 1994; Thompson et al. 2001). 


Effectiveness of Antibacterial Prophylaxis 
Current randomized prospective studies from 
Sweden (Swedish Reflux Study), Australia 
(PRIVENT Study) and Northern America 
(RIVUR Study) demonstrated significant superi- 
ority of antibacterial prophylaxis compared to 
surveillance without prophylaxis or placebo 
regarding the risk of recurrent UTIs (Esbjorner 
et al. 2004; Greenfield et al. 2008; Keren et al. 
2008; Craig et al. 2009; Brandstrom et al. 2010a; 
RIVUR Trial Investigators 2014). Yet, in the 
Swedish Reflux Study, prophylaxis was not effi- 
cient in boys. In addition, renal scarring could not 
be avoided in the RIVUR Study, whereas in the 
Swedish Reflux Study, girls without prophylaxis 
developed significantly more renal scars with 
pyelonephritic episodes than girls in the prophy- 
lactic group (Brandstrom et al. 201 0b). 


Importance of Bladder Dysfunction in 
VUR VUR, UTIs, and bladder dysfunction are 
frequently associated (Snodgrass 1991; Sillen 
1999; Yeung et al. 2006). Bladder dysfunction 
increases the risk of UTIs and can lead to signifi- 
cant delay in VUR maturation. Its detection by 
careful history and its efficient treatment are 
therefore mandatory in all affected children. 
Overall it is estimated that bladder dysfunction 
exists in about 50 % of children with VUR (Jodal 
et al. 2006). Bladder function influences the 
spontaneous regression rate of VUR (Koff et al. 
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1998; Yeung et al. 2006). These observations 
support the current trend of a differentiated view 
of the phenomenon of “VUR”: not only are VUR 
grade or the configuration of ureteral insertion 
into the bladder crucial prognostic factors in the 
natural history of VUR, but bladder function is 
also an important predictive parameter for spon- 
taneous VUR maturation, for susceptibility for 
pyelonephritic episodes, and for renal damaging. 
This awareness has implications for conservative 
therapy, as it must include the treatment of pre- 
existing bladder dysfunctions to be successful in 
the long run (Kibar et al. 2007). 


VUR Control During Observation Commonly, 
annual controls of VUR are recommended during 
conservative treatment. However, the extension 
of these intervals would have no unacceptable 
influence on the duration of prophylaxis. 
Thompson et al. demonstrated by a mathematical 
model that 2-year intervals with low-grade VURs 
would decrease the number of VCUGs by 42%, 
whereas the duration of antibacterial prophylaxis 
would only be prolonged by 16%. In high-grade 
VUR, a 3-year interval would decrease the num- 
ber of VCUGs by 63%, while the duration of 
prophylaxis would only be prolonged by 10% 
(Thompson et al. 2005). Therefore, the frequency 
of repeated VCUGs should be individually based 
on VUR grade with preference for longer 
intervals. 


2.7.2 Surgical VUR Correction 
The surgical concept is based on the assumption 
that ascension of uropathogens to the kidney 
leading to pyelonephritis can be avoided by VUR 
correction, in spite of continuing susceptibility to 
bacterial growth in the bladder. 

Commonly accepted indications for surgical 
correction are: 


e Recurrent pyelonephritis in spite of antibacte- 
rial prophylaxis (breakthrough infections) 

e Poor compliance with antibacterial prophylaxis 

e Progression of pyelonephritic scars 

e High-grade VUR (grades IV-V) with low 
chance of spontaneous resolution 

e Persistent high-grade VUR in adolescent girls 
without tendency to resolve spontaneously 
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e Refusal of antibacterial prophylaxis by par- 
ents and/or patient and desire for surgical cor- 
rection with high-grade VUR 


The principle of all variants in open correction 
is the prolongation of the submucosal section of 
the refluxing ureter. There exists a broad spec- 
trum of surgical techniques including ureterocys- 
toneostomy psoas hitch technique (Hertle et al. 
1983; Riedmiller et al. 1984), techniques accord- 
ing to  Politano-Leadbetter (Politano and 
Leadbetter 1958), Cohen (Cohen 1975), etc., and 
anti-reflux plasty, mostly performed according to 
Lich-Gregoir (Lich et al. 1961; Gregoir 1962). 

Endoscopic VUR correction with subureteral 
injection of bulking substances has become a 
serious concurrence to open VUR correction due 
to modern material like NASHA™/Dx (Stabilized, 
non-animal hyaluronic acid/dextranomer) [Dx/ 
HA, Deflux®]. With exclusive usage of NASHA 
(Deflux®), experienced surgeons achieved grow- 
ing success rates similar to open techniques 
(Puri et al. 2006). Since NASHA (Deflux®) was 
approved by the FDA (Food and Drug 
Administration) in 2001, there is a trend toward 
increasing numbers of surgical VUR corrections 
in the USA (Lendvay et al. 2006). Interestingly, 
this is due to the increasing number of endoscopic 
interventions, whereas the number of open VUR 
corrections remains stable (Lendvay et al. 2006). 
Obviously Deflux® injection has not only become 
an alternative to open procedures but also to con- 
servative VUR management, thereby assuming a 
position between surgical and conservative 
strategies. 

The success rate of open surgical techniques of 
VUR grades I-IV is 96-99% in experienced 
hands (Elder et al. 1997). It is less in VUR grade V 
(85-90 %), mostly due to associated pathologies. 

After open ureterocystoneostomy or anti-reflux 
plasty, routine confirmation of surgical success by 
a postoperative VCUG is not necessary. However, 
VUR assessment should be performed in cases of 
recurrent postoperative pyelonephritis — last but not 
the least to identify a new VUR into the contralat- 
eral ureter. Many authors recommend routine VUR 
evaluation after (during) VUR correction with 
bulking agents concerning the possibility of VUR 
recurrence following endoscopic techniques. 
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2.7.3 Which Therapy for Which 
Patient? 

The individual decision for surgical or conser- 
vative treatment depends on multiple factors 
such as age and sex of the patient, bladder func- 
tion, degree of VUR, recurrences of symptom- 
atic UTIs, pre-existing renal scars, and the 
expectations of parents (Tekgul et al. 2012). 
Last but not least, the availability of a pediatric 
urologist with experience in surgical correction 
may play an important role (Smellie et al. 
1992). However, in patients with pre-existing 
reflux nephropathy and dilating VUR, the main 
factor determining the outcome seems to be the 
extent of renal parenchymal reduction and the 
degree of functional impairment at the time of 
diagnosis. 


Take Away 

Today, a multitude of factors informs the 
decision between surgical (open, mini- 
mally invasive, or endoscopic) and conser- 
vative (antibacterial prophylaxis or 
watchful waiting) strategies. These factors 
include age, sex, severity, as well as fre- 
quency of UTIs, VUR grade, congenital or 
acquired renal damage, and — last but not 
least — the parents’ informed consent. 


2.8 Care After Cessation of VUR 

Two groups of patients need long-term follow-up 
even after successful surgical correction or spon- 
taneous cessation of VUR: 

2.8.1 Patients with Continuing 
Susceptibility for UTIs 

Many patients who have become conspicuous 
with UTI before surgical repair or spontaneous 
cessation of VUR continue suffering recurrences. 
The infection, however, is mostly restricted to the 
lower urinary tract (Beetz et al. 2002). Because 
UTI can lead to risks for mother and fetus, spe- 
cial care is recommended during pregnancy, and 
urine diagnostics are necessary if symptoms sus- 
picious of UTI appear. 


2.8.2 Patients with Reflux 
Nephropathy 

Over 20 % of patients have renal scars at the time 
of VUR diagnosis. They are at risk of developing 
renal arterial hypertension (Simoes e Silva et al. 
2007). The incidence of renal arterial hyperten- 
sion is about 12-14% in young adults with uni- 
lateral renal scars and 18 % with bilateral changes 
(Beetz et al. 1989). With increasing age, the inci- 
dence increases up to over 40% (Kincaid-Smith 
et al. 1984). Lifelong controls of blood pressure 
and, if necessary, treatment of arterial hyperten- 
sion are therefore recommended in patients with 
reflux nephropathy. 

In most cases of unilateral reflux nephropathy, 
the hypertrophy of non-affected parenchyma 
compensates the loss of functioning nephrons in 
scarred areas resulting in normal or only moder- 
ately reduced whole kidney function. With bilat- 
eral reflux nephropathy, the risk of progressive 
renal insufficiency demands repeated controls of 
serum creatinine and calculated glomerular filtra- 
tion rate. Adequate therapy of hypertension and 
lowering proteinuria by ACE inhibitors can prob- 
ably slow down the progress of functional loss. 

Reflux nephropathy and increased susceptibil- 
ity to UTIs seem to be risk factors for EPH-gestosis 
during pregnancy (Austenfeld and Snow 1988); 
mild renal insufficiency probably can worsen to 
higher CKD levels (Becker et al. 1986). 


Take Away 

Acquired and congenital renal scarring 
are risk factors for arterial hypertension, 
decreased renal function, and complica- 
tions during pregnancy. 
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1 Epidemiology and Natural 
Course of Prenatally Detected 
Urinary Tract Dilatation 


The reported incidence of upper urinary tract 
dilatation (UTD) is 1-5.4% of all pregnancies, 
dependent on the diagnostic criteria that are 
being applied, accounting to 60—120,000 children 
being diagnosed per year in the USA (Mallik and 
Watson 2008). Of these, around 25 % are persis- 
tent throughout birth (Barbosa et al. 2012). 
Sonographically detected intrauterine UTD can 
be observed in varying degrees in the 18th to 20th 
week of gestation. A prognostic cutoff level of 
prenatally diagnosed UTD on the basis of many 
studies has been determined; the risk of a signifi- 
cant UTDs after birth was linked to its prenatal 
manifestation (Nguyen et al. 2010): Whereas 
children with an anteroposterior renal pelvis 
diameter of >15 mm have a risk of 75 % of per- 
sistence after birth, in children with an anteropos- 
terior renal pelvis diameter of <9 mm, it amounts 
to only 10% (Benfield et al. 2003). The risk for 
later surgery is connected also with the grade of 
the prenatal urinary tract dilatation (Fig. 1). 

In 2014 a new classification system of pre- 
and postnatal UTD has been presented as a result 
of a consensus meeting of members of major 
mostly American societies in the field in order 
to unify previously often differing descriptions 
of UTD (Nguyen et al. 2014). The participat- 
ing societies included American College of 
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Fig. 1 Risk of surgery 
of antenatal detected 
urinary tract dilatation 
(Barbosa et al. 2012) 


“986 pregnancies with 


antenatally detected 
hydronephrosis 


~ 244/986 (24.7%) 
documented antenatal 
resolution 


329 available for postnatal 


follow-up 


Radiology, the American Institute of Ultrasound 
in Medicine, the American Society of Pediatric 
Nephrology, the Society for Fetal Urology, the 
Society for Maternal-Fetal Medicine, the Society 
for Pediatric Urology, the Society for Pediatric 
Radiology, and the Society of Radiologists in 
Ultrasound. The proposed UTD classification 
system is based on six categories: (1) anteropos- 
terior renal pelvic diameter, (2) calyceal dilation, 
(3) renal parenchymal thickness, (4) renal paren- 
chymal appearance, (5) bladder abnormalities, 
and (6) ureteral abnormalities. The classification 
system is stratified based on gestational age and 
whether the UT dilation is detected prenatally or 
postnatally. The panel also proposed a follow- 
up scheme based on the UTD classification and 
its evolvement during follow-up examinations 
(Fig. 2a, b). 

In the European ESPT-task force grading 
scheme, the wording has also been adapted in 
2015 and renamed to “pelvicalyceal dilatation/ 
distension (PCD)” instead of “hydronephrosis 
(HN),” to be consistent with the new standardized 
terminology, but this scheme intends only to offer 
a descriptive sonographic grading for postnatal 
pelvicalyceal appearance not linked with prog- 
nostic or therapeutic aspects. The criteria were 
left unchanged. Obstructive uropathies account 
for 12.9 % of all pediatric kidney transplantations 
and 23.1% of all pediatric chronic renal failures 
being the main cause of end-stage renal disease in 


19 severe antenatal 
hydronephrosis 
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19/218 (8,7%) underwent 


218 mild antenatal 
hydronephrosis no calyceal 
dilatation 


surgery, thereof 7 (36.8%) 
for obstructive uropathy 


49 mild antenatal 
hydronephrosis with 
caliectasis 


7/49 (14.2%) underwent 
surgery, thereof 3 (42.8%) 
for obstructive uropathy 


“9/43 (20.9%) underwent 
surgery, thereof 5 (55.5%) 
for obstructive uropathy 


43 moderate antenatal 
hydronephrosis 


12/19 (63.1%) underwent 


surgery, thereof 9 (75%) for 
obstructive uropathy 


children (Benfield et al. 2003). Selecting patients 
with a clear indication for surgical intervention is 
difficult due to the high variability in the degree 
of obstruction and the extent of damage as well 
as the differential function of the affected kidney. 


Take Away 

Antenatal diagnosed UTD can be detected 
after the 18th week of gestation, with an 
anteroposterior renal pelvis diameter of 
>15 mm having a 75 % risk of persistence 
after birth. The new American UTD clas- 
sification system is based on the anteropos- 
terior renal pelvis diameter, calyceal 
dilatation, renal parenchymal thickness, 
renal parenchymal appearance, bladder 
abnormalities, and ureteral abnormalities. 


2 Etiology and Pathophysiology 


A sonographically dilated renal pelvis and/or 
calix does not necessarily mean that urinary out- 
flow is impaired; in many patients with UTD, the 
dilated pelvis needs more time to empty due to a 
weaker contraction. A clinically significant 
obstruction should be defined as “any restriction 
to urinary outflow which, if left untreated, will 
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a 


US parameters 
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Measurement/findings Note 


Anterior-Posterior Renal (mm) Measured on transverse image at the 
Pelvic Diameter (APRPD) maximal diameter of intrarenal pelvis 
Calyceal dilation Central (major calyces) Yes/No 
Peripheral (minor calyces) Yes/No 
Parenchymal thickness Normal/Abnormal Subjective assessment 
Parenchymal appearance Normal/Abnormal Evaluate echogenicity, corticomedullary 
differentiation, and for cortical cysts 
Ureter Normal/Abnormal Dilation of ureter is considered abnormal; 
however, transient visualization of the 
ureter is considered normal postnatally 
Bladder Normal/Abnormal Evaluate wall thickness, for the presence 
of ureterocele, and for a dilated 
posterior urethra 
b 
Ultrasound findings Time at presentation 
16—27 >28 Postnatal 
weeks weeks (>48 h) 
Anterior-Posterior <4 mm <7 mm <10 mm 
Renal Pelvis 
Diameter (APRPD) 
Calyceal dilation 
Central No No No 
Peripheral No No No 
Parenchymal Normal Normal Normal 
thickness 
Parenchymal Normal Normal Normal 
appearance 
Ureter (s) Normal Normal Normal 
Bladder Normal Normal Normal 
Unexplained No No NA 


oligohydramnios 


Fig.2 (a, b) Tables to illustrate the UTD classification (Nguyen et al. 2014) 


lead to progressive renal deterioration” (Klein 
et al. 2011). 

There are a variety of possible underlying eti- 
ologies that possibly manifest as antenatally 
detected UTD (Fig. 3). 

Whereas this figure demonstrates the different 
etiologies, the percentage of significant pelvi- 
ureteric junction (PUJ) obstruction remains a 
matter of definition; in the underlying publica- 
tions, it is defined as children that ultimately 
underwent surgery. 

PCD is a descriptive sonomorphologic term 
and is defined as pathological with an antero- 
posterior renal pelvis diameter of >7 mm at birth 
and of >10 mm under 1 year of age (Riccabona 
et al. 2008). However, the definition of normal 
values for the anteroposterior pelvis remains 
open to discussion and depends on many fac- 
tors such as renal function and patient hydration, 


ureterovesical junction 


obstruction, 4% 


posterior urethral 
valves, 1% 


ureteroceles / ectopic 
ureter / duplex 
| anomalies, 2% 


| 
~~ other (prune belly, 
cystic kidney mistaken 
for hydronephrosis, ...) 
3% 


Fig.3 Etiology of antenatally detected UTD (Sinha et al. 
2013) 


and in a recent standardization publication by a 
multidisciplinary consensus board, a normal value 
of <10 mm at birth has been postulated (Chow 
and Darge 2015). 
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Both animal models and examinations in 
humans after pyeloplasty demonstrate that renal 
damage seems to be caused by complex mecha- 
nisms ultimately leading to tubular damage. The 
main cause, the increased intrapelvic and intra- 
renal pressure, is compensated first by dilatation 
and relaxation of the renal pelvis. In the phase 
of decompensation, inflammatory markers and 
cytokines lead to structural changes in the ureteric 
and pelvic wall. Generally, the earlier the onset of 
obstruction occurs and the longer it persists, the 
higher the probability of irreversible functional 
damage gets (Klein et al. 2011). There are, how- 
ever, reports on recovering renal function also 
after delayed pyeloplasty in infants, pointing at 
a possible relevance of renal repair mechanisms 
and possible postnatal differentiation of nephrons 
during early life (Chertin et al. 2002). 


Pelvic-Ureteric Junction 
Obstruction 


2.1 


The most common cause for persistent PCD in 
children that ultimately undergo surgical treat- 
ment is a stenosis at the PUJ reducing the urinary 
flow from the renal pelvis to the ureter. It is dif- 
ficult to establish a definite diagnosis of “obstruc- 
tion” and in particular to indicate a surgical 
intervention; this additionally may require long- 
term experience. It is a fact that seemingly rele- 
vant obstructions, confirmed by sonographic 
follow-up and scintigraphic (Tc?? MAGHI, mer- 
captoacetyltriglycine or diuretic renograms) 
investigations, can resolve spontaneously. In con- 
trast, an apparently mild UTD without signs of 
significant obstruction can eventually evolve to a 
relevant situation, endangering kidney function. 


2.1.1 Intrinsic Stenosis 

Essentially there are two groups of patients: on 
the one hand, the obstruction is caused by a 
fibrotic, narrow aperistaltic subpelvic ureteric 
segment (“intrinsic stenosis”). This hypoplastic 
adynamic ureteral segment at the PUJ consists of 
reduced numbers of smooth muscle cells with an 
increase of collagen and extracellular matrix, 
respectively (Fig. 4). 
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Fig.5 Extrinsic factor: lower pole vessel of the right kid- 
ney (MRI) 


Fig.6 Extrinsic factor: lower pole vessel (arrow), ureter 
(asterisk) 


2.1.2 Extrinsic Stenosis 

On the other hand, there are extrinsic obstruc- 
tions: the ureter could be compressed by an aber- 
rant lower pole vessel which supplies the lower 
pole of the kidney (Figs. 5 and 6). The ureter can 
also be angulated and distorted, e.g., in high-grade 


Congenital Urinary Tract Dilatation and Obstructive Uropathy 


vesicoureteral reflux (VUR) by distinct kinking 
and tissue adhesions to the pelvis. 

An interesting and highly relevant variant is the 
so-called high inserting ureter, possibly second- 
arily caused on the basis of the “Brédel effect”: 
An initially orthotropic ureteral insertion into 
the renal pelvis is transposed upward, by filling 
a dilated renal pelvis, leading to an often marked 
obstruction and a long stenotic ureteral segment. 


Obstruction 
at the Ureterovesical Junction 
(“Obstructive Megaureter”) 


2.2 


Obstruction at the ureterovesical junction (UVJ) is 
ararer cause of PCD and — primarily —leads to a ure- 
teral dilatation. Ureters, dilated to more than 7 mm 
diameter prevesically, are megaureters by defini- 
tion (Farrugia et al. 2014). The pathophysiology of 


Fig. 7 Obstructive megaureter with narrow distal 
segment (arrow) 


247 


this condition has been studied extensively lead- 
ing to insights into the embryological develop- 
ment of the Wolffian ducts, however, not actually 
explaining why obstruction and/or VUR emerges, 
sometimes in combination (Oswald et al. 2004). 
Megaureters can be classified into refluxing, non- 
refluxing/non-obstructive, obstructive (Fig. 7), and 
secondary dilated due to an infravesical obstruc- 
tion or neurogenic bladder (Fig. 8). 

Distal ureteral obstruction can be linked as 
well to the presence of a duplex kidney, where 
predominantly the upper pole system can present 
with a relevant UTD. Mainly those obstructed 
ureters are ectopic or associated with a uretero- 
cele (Meyer-Weigert rule) which correspond to 
the upper pole moiety (Meyer 1907 and Weigert 
1877). In large, ectopic (80%) ureteroceles, the 
lower pole — lateralized — orifice lies upon the 
ureteroceles and can present as a refluxing or an 
obstructed system as well. 


Subvesical Obstruction 
and UTD (Posterior Urethral 
Valves) 


2.3 


Subvesical obstruction may lead to secondary 
ureteral dilatation and UTD, usually in combina- 
tion with (high grade) VUR. The most common 
cause of subvesical obstructions in male chil- 
dren is posterior urethral valves (PUV). They are 
present in one of 8000—25,000 male births and, 
depending on the severity of obstruction, may 
eventually lead to renal insufficiency. 

The mainly used pathological classification of 
PUV has been published by Young et al. in 1919. 
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Whereas they initially proposed three types of PUV, 
only type one (bicuspid valves that usually origi- 
nate on the floor of the urethra arising from the dis- 
tal lateral aspect of the verumontanum and extend 
distally and anteriorly to fuse at the midline) and 
type three are still in use (a membrane, distal to the 
verumontanum and lying transversely across the 
urethra, with a small perforation near its center). 

The presence of subvesical obstruction often 
affects the whole urinary tract, with giant HN and 
renal function impairment as well as pulmonary 
hypoplasia already before birth. There are, 
however, also less severe variants, presenting peri- 
or postnatally with some grade of UTD or VUR 
of varying grade. In some boys, valves are only 
detected at age of 5-8 years in the course of evalu- 
ation of bladder emptying disorders. In this con- 
text, whereas the concept of so-called mini-valves 
is heavily discussed, there is no doubt to the fact 
that later detected and anatomically not/less 
important valves can have a big functional impact, 
warranting exact diagnosis and treatment. 

The challenge in diagnosis of PUV remains 
the low sensitivity of VCUG for minor forms and 
the importance of indirect signs as, for example, 
hypertrophy of the internal sphincter and altera- 
tions of the bladder anatomy as trabeculation or 
diverticula, as well as secondary VUR. 

A subvesical obstruction caused by a PUV 
that can be presented clinically as VURD syn- 
drome (posterior urethral valve, unilateral vesi- 
coureteral reflux, renal dysplasia) (Hoover and 
Duckett 1982) is accompanied by high-grade 
VUR and renal dysplasia (RD) at least on one 
side and low-grade VUR on the contralateral side 
in patients with a severely compromised renal 
function if available (Greenfield et al. 1983). The 
high-grade VUR serves as pressure pop-off, 
probably protecting the contralateral kidney. 


2.4 Vesicoureteral Reflux (VUR) 


and UTD 


A VCUG (or a contrast-enhanced voiding uro- 
sonography=ce-VUS; for details see chap- 
ter “Diagnostic Procedures: Excluding MRI, 
Nuclear Medicine and Video Urodynamics”’) is 


J. Oswald and B. Haid 


required in suspected high-grade VUR as well 
as in children with (upper, recurrent) urinary 
tract infections and UTD. The combination of 
both VUR and real PUJ obstruction, possibly 
secondary to the VUR, is not uncommon and 
should be kept in mind. Secondary PUJ obstruc- 
tion may be caused in these children due to 
chronic dilatation of the renal pelvis or recur- 
rent inflammatory changes at the PUJ, leading to 
either anatomical or functional PUJ obstruction 
(Bomalaski et al. 1997). 


2.5 Clinical Signs 


of Obstructive PCD 


The majority of newborns and infants with a 
significant congenital PUJ narrowing pres- 
ent without any symptoms, neither clinically 
nor para-clinically. Because of the immaturity 
of the newborn kidney, it is therefore all the 
more important to postnatally repeat the ultra- 
sound (US) examination 7-10 days after birth 
to properly evaluate the extent of the postnatal 
PCD. Due to the fact that general symptoms, 
such as poor growth, refusal to feed, vomiting, 
etc., are usually not observed in these infants 
with (this asymptomatic) PCD, we recommend a 
postnatal US around day eight after birth in every 
newborn with fetal UTD or in every newborn — if 
no proper fetal US screening is in place — in order 
to detect any unknown obstruction and to pre- 
vent consecutive damage to the affected kidney. 
An undiagnosed as well as untreated significant 
PUJ stenosis results in a severely damaged and 
sometimes even nonfunctional “hydronephrotic” 
kidney; children with a bilateral PUJ obstruc- 
tion are particularly at risk of end-stage renal 
insufficiency. 


Take Away 

More than 60% of pre- and postnatally 
diagnosed PCDs are of temporary nature 
only. The vast majority of clinical signifi- 
cant obstructions are caused by a steno- 
sis at the PUJ. This stricture results from 
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a congenital dysplastic ureteral segment 
(intrinsic stenosis) or from an aber- 
rant crossing vessel (extrinsic stenosis). 
Surgical corrections for stenosis at the UVJ 
(obstructive megaureters) are rarely indi- 
cated; the vast majority of megaureters dis- 
appear in time (spontaneous maturation). 
Other reasons of PCD with dilated ure- 
ters are primary (congenital) or secondary 
VUR. Secondary VUR could be caused by 
a neurogenic (hypertonic, low compliant 
bladder, e.g., in myelomeningocele) or by 
an infravesical obstruction in boys due to 
posterior PUV. 


3 Imaging from the Point 
of View of a Pediatric 
Urologist: What Is Most 
Important? 


The main focus in diagnosing persistent UTD in 
newborns and infants should be detecting sig- 
nificant obstructions requiring surgery. The fol- 
lowing examinations are available for evaluating 
infant UTD: 


e US (after birth, e.g., 8 days and 4-6 weeks 
postnatally) 

e Voiding cystourethrography (VCUG) in grade 
II and IV HN (or ce-VUS) 

e Diuretic renography (Tc? MAG III clear- 
ance — F+ 20 protocol) 

e (Dynamic functional or anatomic) MR urog- 
raphy (MRU) in selected cases 


The essential investigation to evaluate renal 
split (differential) function as well as drainage 
from the upper urinary tract is a Tc99 MAG3 
diuretic renography with application of furose- 
mide 20mins after injection of the tracer. Essential 
for an estimation of a significant obstruction 
are images at 60 and 120 min, also following 
micturition or after position changes to allow 
for effects of gravity. Similar information can be 
retrieved from functional dynamic-diuretic MRU 
(Gordon et al. 2011; Jones et al. 2011) 
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3.1 Use of Grading Systems 

Grading systems for UTD and PCD are of 
importance in risk stratification and assessment 
of the further prognosis. Currently the Society 
for Fetal Urology (SFU) grading system as 
well as the adapted grading system from the 
European Society of Pediatric Radiology (ESPR) 
Uroradiology Task Force for PCD in childhood 
is the mainly used classification for UTD; in the 
USA, the new UTD consensus scheme is being 
promoted (Fernbach et al. 1993; Riccabona et al. 
2008a, b, 2016; Nguyen et al. 2014) (Fig. 9 and 
Fig. 7 in chapter “Normal Values”). 

Also, the measurement of the intraparenchymal 
anteroposterior renal pelvic diameter is of great 
importance in grading PCD. An AP diameter greater 
than 7 mm at 8—23 weeks of gestation, greater than 
10 mm during the last trimester, and greater than 
12 mm at birth should be considered as abnormal. 
As to its prognostic value, Dhillon followed a great 
number of children with PCD and found that while 
virtually all of those with AP diameters greater 
than 40 mm required surgery, only 11% of those 
with AP diameters less than 20 mm needed surgi- 
cal intervention (Dhillon 1998). In between 20 and 
30 mm, 40% of children deteriorate with renal 
function and require a pyeloplasty. 


Take Away 

To evaluate infant PCD, the following exam- 
inations are recommended: US, VCUG 
(or ce-VUS), diuretic renography, and in 
selected patients (functional) MR urogra- 
phy. The most commonly used sonographic 
classification for PCD is the (adapted) SFU 
grading system (SFU/ESPR grade 1-4/5), 
potentially to be partially replaced by the 
new American UTD classification system 
if it proves to be workable and beneficial. 


4 Treatment 


Treatment options for a congenital UTD comprise 
usually of conservative observation, long-term use 
of antibiotics, as well as reconstructive surgery 


250 


PCD°I (SFU I°) PCD°II (SFU 11°) 
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PCD°Ill (SFU 111°) PCD°IV (SFU IV’) 


slight splitting of the 
central renal complex 
without calyceal 
involvement, normal 
parenchyma 


splitting of the central 
renal complex with 
extenstion to non- 
dilated calyces 


|| large dilated calyces, 
|| thinning of the 


wide splitting of the 
renal pelvis, dilated 
outside the renal 
border, calyces 
uniformly dilated, 
normal parenchyma 


|| parenchyma < 50% of 


the ipsilateral (normal) 
kidney 


Fig.9 Adapted SFU grading system (based on the recent 
ESPR recommendations) for urinary tract dilatation 
(Modified from Timberlake and Herndon 2013). Note that 


releasing the subpelvic or prevesical stenotic seg- 
ment or antireflux surgery in refluxive ureters. 


4.1 Antibiotic Prophylaxis 

Antibiotic prophylaxis is still partially considered 
required for UTD associated with ureteral dilata- 
tion or known VUR, where it has been shown to 
diminish the frequency of urinary tract infections 
significantly (Hoberman et al. 2014). In megaure- 
ters, antibiotic prophylaxis reduces the risk for a 
febrile urinary tract infection during the first 6 
months of life for 88 % and in the second half of 
the first year of life for 55 % (Gimpel et al. 2010). 


4.2 Pyeloplasty and Ureteral 
Reimplantation (See also 
Chapter “Surgical Procedures 


and Indications for Surgery”) 


The indication for pyeloplasty mainly relies on 
sequential imaging particularly on deteriorating 


PCD V° is sometimes used for severe distention (PCD°IV) 
with only a rim-like residual parenchyma (no correspond- 
ing grading in the SFU system) 


differential renal function (DRF) in PUJ obstruc- 
tion and progressive renal scarring as well as 
recurrent urinary tract infections with a lack of 
spontaneous maturation in UVJ obstruction and 
VUR. It is generally accepted that a DRF below 
40% or deterioration for more than 5% repre- 
sents an indication for intervention. 

For PUJ obstruction, the dismembered 
Anderson-Hynes pyeloplasty with — if present — 
reallocation of crossing vessels to the posterior 
aspect of the PUJ remains the gold standard, with 
success rates as high as 98 %. In older children lapa- 
roscopic of robotic surgery may be an option, while 
in small children the open retroperitoneal access 
through a small incision remains the best option. 

In UVJ obstruction and VUR, different tech- 
niques of antirefluxive ureteral reimplantations 
are possible. For severely dilated ureters, tailoring 
(Hendren) or tapering is a necessity in order to 
assure a non-refluxing implantation. The minimal 
invasive VUR therapy is defined as the endoscopic 
injection of bulking agents (usually dextranomer/ 
hyaluronic acid copolymer — Deflux®) and indi- 
cated in children with non-dilating VUR. 
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Fig.10 Postoperative 3D real-time US after endoscopic treatment of VUR. Arrow: Beginning lateral shifting of the left 
Deflux depot. Asterisk: Bladder neck 


4.3 Interventional Treatment 

As well for PUJ obstruction as for UVJ obstruction, 
interventional treatments have been suggested, 
mainly comprising balloon dilatation or incision 
of the narrow segments. These approaches, how- 
ever, involve a high risk of recurrence and compli- 
cation (e.g., VUR in UVJ obstruction) and cannot 
be regarded as standard options. 


4.4 Important Aspects 


for Postoperative Imaging 


The role of postoperative imaging is (a) to 
assess potential complications, (b) to validate 
the success of the procedure, and (c) to moni- 
tor further development. Postoperative US and 
diuretic renography represent the most impor- 
tant diagnostic tools after pyeloplasty. Despite 
improvement of drainage a marked dilatation 
of the renal pelvis, similar to the preoperative 
finding, may be found for several weeks after 
a successful pyeloplasty; surgical reduction 
of the dilated pelvis is rarely indicated — but 
if performed the reduced pelvic diameter does 
not necessarily indicate success. An accu- 
rate assessment of renal function as well as 
improved drainage is valid only with diuretic 
renography (or f{MRU) which usually is per- 
formed 6 months after operation. Only in severe 
persistent HN, the isotope evaluation should 


be preferred at an earlier date. Only if these 
diagnostic tools technically are not available 
an intravenous urogram with adapted expo- 
sure time and reduced contrast agent could be 
indicated (ALARA: As Low As Reasonably 
Achievable; Persliden et al. 2004). 

After endoscopic treatment of VUR, a post- 
operative 3D real-time US demonstrates reliably 
the exact position of the bulking agent as well as 
the localization of the orifice — if US is com- 
bined with color Doppler (Riccabona et al. 
2008a, b; Pichler et al. 2011). Any shifting of the 
bulking agent can be documented immediately 
after the operation as well as during follow-up 
(Fig. 10). 

Because of the coaptation of the ureteral wall 
after injection of the bulking agent especially 
with the hydrodistention implantation technique, 
a transient dilatation of the upper urinary tract 
with megaureter and temporary PCD is common. 
Later in life bulking agents develop a kind of tis- 
sue compression which might be confused with a 
bladder stone. 

For further details, see also chapters “Surgical 
Procedures and Indications for Surgery”, “Upper 
Urinary Tract Dilatation in Newborns and 
Infants and the Postnatal Work-Up of Congenital 
Uro-nephropathies”, “Vesicoureteric Reflux”, 
and “Postoperative Imaging and Findings” — 
as well as “Clinical Management of Common 
Nephrourologic Disorders (Guidelines and 
Beyond)”. 
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Take Away 

Treatment options for a congenital UTD/ 
PCD consist primarily of a conservative 
observation strategy. In children with 
megaureters as well as VUR, long-term 
use of antibiotics, at least in the first year 
of life, is still an option. In significant 
obstruction at the UPJ stenosis and much 
less at the UVJ (obstructive megaureter), 
an open — dismembered — pyeloplasty or 
ureteric reimplantation, respectively, is 
indicated. In VUR, in most cases an 
endoscopic minimal invasive therapy is 
adequate. Postoperative follow-up investi- 
gations include US and functional studies 
as Tc?™ MAG3 or f{MRU studies. Transient 
postoperative PCD must be differentiated 
from significant postoperative obstruction 
as a complication after surgery. 


Conclusion 


From a pediatric urologist’s point of view, 
assessment of UTD should be centered at 
prognostic and practical aspects, involving 
the use of adequate grading systems (SFU, 
ESPR, UTD, etc.). The knowledge of indirect 
signs for subvesical obstruction and on thera- 
peutically implications or functional aspects 
should lead to a comprehensive assessment of 
the whole urinary tract. 
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1 Introduction 


Often, the decision-making process with regard to 
indications for surgery is based on clinical find- 
ings in combination with the results of radiologi- 
cal imaging. However, sometimes an identical 
radiological finding will lead to surgery in one 
patient, and not in another, depending on clinical 
or other findings. Regardless, in many urological 
conditions, the results of the radiological tests are 
indispensable contributions to the decision 
whether to take the child to the operation room or 
not. Knowledge of the disease, indications for sur- 
gery, and the respective surgical procedure (or 
conservative management) will help to understand 
what one is actually looking for and facilitate 
interpretation and presentation of the radiological 
findings by the radiologist before and after sur- 
gery. This chapter will give an overview of the 
most commonly seen urological conditions in 
children that may require surgical correction, the 
key exams, and findings that lead to an operation, 
as well as respective surgical procedures and the 
expected radiological findings during follow-up. 


2 Pelvi-ureteric Junction (PUJ) 
Obstruction 
2.1 Findings and Indication 


for Surgery 


The typical ultrasound (US) image of a balloon- 
ing extrarenal dilatation of the renal pelvis with 
caliectasis does not necessarily constitute an 
indication for surgery. However, increasing 
dilatation, clinical symptoms, deterioration of 
renal split function, or decompensation of renal 
clearance (as assessed by MAG; scan or 
functional MRU) may indicate surgery. On the 
other hand, the absence of excessive extrarenal 
dilatation does not necessarily rule out a relevant 
obstruction, which can be indicated by significant 
caliectasis; here, it is important to differentiate 
against nonobstructive megacalycosis (see 
respective chapters). 
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2.2 Surgical Procedure 

Typically, the operation is performed either in 
an open fashion or laparoscopically, and most 
commonly, a dismembered pyeloplasty is per- 
formed, during which the ureter and renal pelvis 
are disconnected and reattached after resection 
of the narrow segment (Anderson and Hynes 
1951). According to the surgeon’s preference, a 
large renal pelvis may be reduced by resecting 
parts of it. In case of an obstruction by a cross- 
ing lower pole vessel, the pelvi-ureteric junction 
(PUJ) is relocated to the other side of the vessel 
to avoid recurrence of the (functional) obstruc- 
tion. According to surgeon’s preference, which 
varies widely, some chose to insert a temporary 
stent, either an internal double “J” catheter or an 
externalized drain, which will be removed after 
a few days or weeks with or without previous 
imaging. 


2.3 Postoperative Image 

After surgery, the findings are naturally influ- 
enced by whether or not pelvic tissue was 
resected, which would cause a significant 
decrease in the size of the renal pelvis diame- 
ters immediately after surgery, which — to 
some extent — may again increase after the 
removal of the stent without reaching preop- 
erative values. Otherwise, there is usually still 
a variable degree of dilatation of the renal pel- 
vis as well as the calices, which will decrease 
over time if the surgery was successful. 
Residual thickening of the urothelium may be 
seen. 


2.4 Possible Complications 

Persistent or recurrent obstruction will be indi- 
cated by failure of reduction of or even an 
increase in dilatation. Hematomas or urine 
extravasation (urinoma) will be seen as fluid col- 
lections near the operative field. 
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Take Away 

The decision to surgically correct a PUJ 
obstruction depends on the degree and pos- 
sible worsening of the Urinary tract dilata- 
tion, decrease in renal split function and 
clinical symptoms (pain). Whether or not a 
crossing vessel is present does not influence 
the indication for surgery. Surgical correc- 
tion is done by open or laparoscopic approach 
with a high success rate. Mild residual dilata- 
tion after surgery is not uncommon. 


3 Megaureter/Ureterovesical 
Junction (UVJ) Obstruction 


During routine US, a non-dilated distal ureter is 
usually not seen. However, after sufficient hydra- 
tion and with a well-filled bladder, an experienced 
ultrasonographer can visualize also the normal 
ureter. A dilated distal ureter can be easily seen. 

The possible cause of gross dilatation of the ureter 
can be obstruction (either at the level of the uretero- 
vesical junction (UVJ) or infravesically), vesicoure- 
teral reflux (VUR), acombination of both (obstruction 
and reflux), or segmental hypoperistalsis. In the case 
of an infravesical obstruction, the ureteral dilatation 
is commonly seen bilaterally; however, bilateral ure- 
teral dilatation does not prove infravesical obstruc- 
tion. A voiding cystourethrography (VCUG) or a 
contrast-enhanced voiding urosonography (ce-VUS) 
will confirm or rule out both VUR and posterior ure- 
thral valves (PUVs) (see below). 

A grossly dilated tortuous ureter in the absence 
of VUR or infravesical obstruction can be caused 
by circular obstruction of the distal ureter, by an 
ectopic insertion, or by a muscular hypodysplasia 
of the ureteral wall. 


3.1 Primary Megaureter 


3.1.1 Findings and Indication 

for Surgery 

A (usually short) obstructing segment of the 
very distal end of the ureter causes the typical 
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tortuous and dilated image of the primary 
megaureter (MU). There is a high percentage of 
spontaneous resolution. The cutoff value of pre- 
vesical dilatation that determines the likelihood 
of spontaneous resolution varies in different 
publications between 10 and 14 mm (Liu et al. 
1994; Chertin et al. 2008). Therefore, among 
the status of the kidney (degree of dilatation, 
parenchymal thinning), as well as results of 
functional tests (MAG3 scan) and clinical 
symptoms, the width of the distal ureter is one 
of the key contributors to the decision-making 
with regard to surgery. Some use the develop- 
ment of the ureteral peristalsis (as documented 
by M-mode US) as an additional parameter on 
follow-up (Riccabona 2010). 


3.1.2 Surgical Procedure 

If surgery is needed during the infant period, 
primary surgical reconstruction of the UVJ is 
controversial, and temporary diversion by ure- 
terocutaneostomy may be chosen. For this, the 
ureter is diverted to the skin for prompt decom- 
pression of the respective renal unit. Later in life, 
after recompensation of the ureter, reimplanta- 
tion is the therapy of choice. Once the ureter is 
surgically mobilized far enough to run straight, 
more proximal segments may be sufficiently nar- 
row for direct reimplantation. Otherwise, taper- 
ing of the ureter is necessary by imbrication or 
resection of surplus tissue (Hendren 1969; 
Kalicinski et al. 1977; Starr 1979). 

Some groups choose to approach the problem 
in a minimal invasive way by dilating or incising 
the stenotic segment; however, those methods are 
not yet widely accepted. 


3.1.3 Follow-Up 

On postoperative imaging, a residual dilatation of 
the upper urinary tract is not uncommon, but nor- 
mally decreases gradually over time. 

During the course of spontaneous maturation, 
the width of the ureter as well as the tortuosity 
decreases over time until adulthood, and peristal- 
sis may normalize. Often, a short segment of the 
distal ureter continues to show a mild dilatation 
with reduced peristalsis, while the upper tract 
appears entirely normal. 
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3.1.4 Possible Complications 

Persistent or recurrent obstruction will be indi- 
cated by failure of reduction or even increase in 
dilatation of the ureter. Hematomas or urine 
extravasation (urinoma) will be seen as collec- 
tions near the operative field. 


Take Away 

Primary megaureter does not always 
require surgical correction, as there is a 
high rate of spontaneous maturation, the 
likelihood of which depends on the width 
of the distal ureter (<10—14 mm). In infants, 
temporary diversion by means of a uretero- 
cutaneostomy may be necessary; in older 
children, ureteral reimplantation with or 
without tapering is the therapy of choice. 


4 Vesicoureteral Reflux (VUR) 
4.1 Findings and Indication 
for Surgery 


Due to an insufficiency of the anti-reflux mech- 
anism at the ureterovesical junction (UVJ), 
urine is refluxing up the ureter when the intra- 
vesical pressure increases during voiding or 
even during filling (see chapter “UTI and 
VUR”). The gold standard to diagnose VUR is 
the classic fluoroscopic voiding cystourethro- 
gram (VCUG) (see chapter “Diagnostic 
Procedures: Excluding MRI, Nuclear Medicine 
and Video Urodynamics”). Some prefer the con- 
trast-enhanced voiding urosonography or radio- 
nuclide cystography, which requires less or no 
radiation, but here visualization of the urethra 
requires advanced skills (Riccabona 2012). 
Furthermore, a panoramic overview of the entire 
ureter and depiction of a possible diverticulum 
that may pose only late during voiding (and thus 
is difficult to depict on US) are essential for sur- 
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gical decision-making; thus, preoperatively, a 
conventional fluoroscopic VCUG is still deemed 
necessary. 

As there is a known influence by constipation 
on the occurrence of UTIs and lack of resolution 
of VUR, it is of interest when signs of fecal load- 
ing during ultrasound and fluoroscopy are 
observed. 


4.2 Surgical Procedures 

The least invasive surgical approach for treatment 
of VUR is the endoscopic injection of a bulking 
agent. This procedure is less successful than the 
open surgical techniques but often preferred, as it 
causes less morbidity and can be performed as an 
outpatient procedure. The higher the degree of 
VUR is, the lesser is the success rate, and a there is 
a certain rate of recurrence after initially successful 
operation (Holmdahl et al. 2010). 

Extravesical reimplantation without detach- 
ing the ureter, i.e., the Lich-Gregoir procedure 
(Lich et al. 1962; Gregoir 1964), can be per- 
formed when the distal ureter is not grossly 
dilated (Fig. 1a). 

Intravesical reimplantation (i.e., the Cohen 
procedure) allows operating simultaneously on 
both ureters by detaching the UVJ and pulling the 
ureters through a submucosal tunnel to the oppo- 
site side of the trigone (cross trigonal) through a 
midline incision of the bladder (Cohen and 
Rotner 1969) (Fig. 1b). 

Other techniques combine the intra- and extra- 
vesical approach, with or without tailoring the 
ureter or hitching the bladder to the psoas muscle 
(i.e., Politano-Leadbetter reimplantation). 


4.3 Postoperative Imaging 

Ultrasound is routinely done after surgery. A 
transient dilatation of the upper urinary tract is 
sometimes seen, but will usually disappear over 


Surgical Procedures and Indications for Surgery 


AAS 


259 


Fig. 1 (a) Cross trigonal position of both ureters after Cohen procedure. Note that the ureteral ostium is now located 
on the opposite side of each ureter. (b) Extravesical reimplantation without detaching the ureter (Lich-Gregoir) 


time. After injection of bulking agent, the 
submucosal depot is seen as a hyperechoic, 
round structure at the UVJ, confirming the cor- 
rect position of the bulking agent. However, not 
knowing the patient’s history, it can be mistaken 
for a distal ureteral stone (Nelson and Chow 
2008). 

After surgical correction of VUR, postoper- 
ative VCUGs are usually not necessary, unless 
there is a strong suspicion of recurrence or per- 
sistence of VUR, such as recurrence of febrile 
UTIs. 

Depending on the surgical technique, the 
shape of the bladder may be altered, e.g., the 
psoas-hitch technique causes a distinct triangu- 
lar shape at the operated side (Fig. 2). In case 
of recurrent VUR or when performing an 
IVU later in adulthood, the ureteral tunnel 
may be seen (Fig. 3). After Cohen or 
Politano-Leadbetter reimplantation, the ureter 
can cross the midline or appear in an unusual 
angle. 


4.4 Possible Complications 

De novo obstruction will be indicated by an 
increase in dilatation of the ureter and renal pel- 
vis. Hematomas or urine extravasation (urinoma) 
will be seen as collections near the operative 


field. A hematoma in the ureteral tunnel may 
cause a fluid collection around the distal, intra- 
mural ureter and consecutive dilatation of the 
upper tract. 


Take Away 

The treatment of VUR can be performed 
conservatively (antibiotic prophylaxis) or 
surgically. Surgical treatment includes the 
least invasive endoscopic injection of a 
bulking agent, as well as open surgical ure- 
teral reimplantation. 


5 Posterior Urethral Valves 
(PUVs) 
5.1 Findings and Indication 


for Surgery 


PUVs are often, but not always, diagnosed 
antenatally. Typical are the “keyhole sign” on 
fetal US, caused by dilatation of the fetal blad- 
der and posterior urethra, a visibly thickened 
bladder wall, and bilateral upper tract dilata- 
tion (see chapter “Urogenital Fetal Imaging: 
US and MRI”). The combination of these three 
findings does not prove, but strongly suggests 
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Fig. 2 Intravenous urography in an adult after ureteral 
reimplantation and psoas-hitch maneuver. Though this 
imaging technique is not used in pediatric uroradiology 
for this indication any longer (exceptions for assessing 
postoperative obstruction using an adapted technique 
however exist), the image nicely demonstrates the typi- 
cal postoperative anatomy. Note the typical shape of the 
bladder, caused by the approximation. The more pro- 
nounced is this phenomenon, the lesser is the bladder 
filled 


Fig. 3 Intravenous urography in an adult after bilateral 
ureteral reimplantation (Lich-Gregoir). Though this imag- 
ing technique is not used in pediatric uroradiology for this 
indication any longer (exceptions for assessing postopera- 
tive obstruction using an adapted technique however 
exist), the image nicely demonstrates the typical postop- 
erative anatomy; particularly, the ureteral tunnel is clearly 
visible on both sides 
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the presence of PUV. The tiny pieces of soft 
tissue, blocking the bladder outlet, often have 
devastating effects (see chapter “Abnormalities 
of the Lower Urinary Tract and Urachus”). 
Depending on the severity of the obstruction, 
oligohydramnios can cause pulmonary hypo- 
plasia, and high mortality rates were described; 
however, with increased antenatal diagnosis 
and improved postnatal pulmonary manage- 
ment, the outcome with regard to survival has 
improved (Thomas 2008). In some cases, 
prenatal shunting is performed with varying 
successes. After birth, a catheter is placed 
immediately for urinary diversion, and after 
confirming the diagnosis by VCUG (ideally 
performed without a transurethral catheter), 
the valves are endoscopically resected (see 
also chapter “Upper Urinary Tract Dilatation 
in Newborns and Infants and the Postnatal 
Work-Up of Congenital Uro-nephropathies”). 

It is of note that due to the congenital 
obstruction, irreversible renal damage is often 
already present at birth, and in up to 50% of 
the patients progress to end-stage renal disease 
sooner or later in life, regardless of early relief 
of the obstruction. Also, despite early resection 
of the valves, bladder function is often severely 
altered, and lifelong treatment and follow-up 
are required, as the degree and nature of blad- 
der dysfunction can change over time (“valve- 
bladder syndrome”) (Koff et al. 2002). But 
note that mild PUVs may remain undetected 
for years and only be diagnosed after presenta- 
tion of clinical symptoms later during 
childhood. 

VCUG: The VCUG is the most important 
diagnostic tool to correctly diagnose PUV (see 
also chapters “Diagnostic Procedures: 
Excluding MRI, Nuclear Medicine and Video 
Urodynamics” and “Abnormalities of the 
Lower Urinary Tract and  Urachus”). 
Differential diagnosis may be difficult, as neu- 
ropathic bladder, urethral stricture, and anterior 
obstruction can appear similarly. To capture 
the voiding phase from a lateral view is crucial, 
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ideally without the presence of a transurethral 
catheter, showing the elevated bladder neck. 
Massive VUR is found in about 50% of the 
patients, in case of unilateral VUR mostly on 
the left side (Hoover and Duckett 1982). 
Additionally, bladder diverticula are commonly 
seen. 

Ultrasound: Postnatal US will confirm the 
sometimes massive thickening of the bladder 
wall, as well as varying degrees of renal (and ure- 
teral) dilatation. In experienced hands, perineal 
US of the urethra during voiding can reliably 
demonstrate the valve; US contrast instillation 
may also depict VUR (e.g., if there is a need for 
imaging at the bedside in the NICU). Depending 
on the severity of renal damage, the kidneys can 
show signs of dysplasia, hyperechogenicity, and 
parenchymal thinning; sometimes urinary ascites 
and urinoma are present (see also chapters 
“Diagnostic Procedures: Excluding MRI, 
Nuclear Medicine and Video Urodynamics” and 
“Abnormalities of the Lower Urinary Tract and 
Urachus’’). 


5.2 Surgical Procedure 

The resection of a PUV normally is a 
straightforward procedure, during which a 
urethroscope is inserted and the valves are 
resected or incised with a hook, cold knife, or 
Bugbee electrode according to surgeon’s 
preference. 


5.3 Postoperative Image 

After successful destruction/resection of the 
valves, the bladder wall gradually normalizes and 
trabeculation decreases; furthermore, a more uni- 
form urethral diameter and improvement or reso- 
lution of VUR or obstruction can be seen. 
However, preexisting renal damage will persist, 
and monitoring of renal (growth) development is 
essential. 
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5.4 Possible Complications 

Excessive bleeding can cause a tamponade of the 
bladder. Incomplete resection of the valve will 
cause persistent residual urine, although this can 
also be caused by contractile failure of the detru- 
sor muscle. 


Take Away 

Early diagnosis of PUV is crucial, and any 
suspicion of PUV has to lead to immedi- 
ate confirmation by VCUG and endos- 
copy. However, even early treatment 
cannot prevent a high rate of renal failure 
in later life. 


6 Ureteroceles 
6.1 Findings and Indication 
for Surgery 


Ureteroceles are cystiform dilatations of the distal 
aspect of the ureter, which can be located within the 
bladder or in ectopic location extravesically (see 
chapters “Abnormalities of the Lower Urinary Tract 
and Urachus” and “Upper Urinary Tract Dilatation 
in Newborns and Infants and the Postnatal Work-Up 
of Congenital Uro-nephropathies”). Several classi- 
fications exist; the clinically most useful one refers 
to the location of the dilated aspect of the ureter 
being intra- or extravesical. 

Ureteroceles occur more frequently in girls 
than in boys and are in 85-90 % unilateral. In 
girls, ureteroceles are associated with a duplex 
kidney in 95 % of the cases, whereas in boys up 
to 75 % arise from a single system. Overall 80 % 
of ureteroceles are associated with a duplex 
system (Ellerker 1958; Schulman 1976). 

A clinically important entity is the cecoure- 
terocele, in which the orifice of the respective 
ureter is located within the bladder, but the bulk 
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of the ureterocele extends beyond the bladder 
neck into the urethra and can cause obstruction. 

US is regarded as the best study for the 
examination of a ureterocele (see chapters 
“Diagnostic Procedures: Excluding MRI, 
Nuclear Medicine and Video Urodynamics” 
and “Upper Urinary Tract Dilatation in 
Newborns and Infants and the Postnatal 
Work-Up of Congenital Uro-nephropathies”). 
As the extent of the ureterocele is of clinical 
relevance, this needs to be properly assessed. 
Furthermore, different degrees of bladder fill- 
ing and hydration can influence the diagnosis. 
A full bladder can compress the ureterocele, 
whereas an empty bladder can cause the ure- 
terocele to fill out the bladder, thereby effec- 
tively hiding it. An insufficient hydration may 
cause collapse of a then undetectable uretero- 
cele. A pitfall can be a distally dilated ureter 
that can bulge into the bladder, mimicking a 
ureterocele (“pseudo-ureterocele”), which can 
be a tricky differential diagnosis, even for an 
experienced ultrasonographer. Of help is to pay 
attention to the thickness of the wall of the 
intravesical structure, which is much less in a 
true ureterocele. Also, a dilated ureter will 
extend more inferiorly beneath the bladder and 
taper toward the UVJ (Sumfest et al. 1995). 

Some surgeons request a VCUG prior to sur- 
gery, which shows a filling defect and in cases of 
a duplex system commonly a VUR into the lower 
system ureter. It is of note that the ureterocele is 
often only visible in the early phase of bladder 
filling. Another pitfall can be the inflated balloon 
of a Foley catheter, which can be confused for the 
ureterocele. 


6.2 Surgical Procedure 

The first step in treating a ureterocele is the endo- 
scopic puncture or incision of the ureterocele, 
preferably at the base. In case of a cecoureterocele, 
additional punctures are performed in the extra- 
vesical portion of the ureterocele. Some surgeons 
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prefer to create one or a few holes but not to unroof 
the ureterocele, as — due to the mostly faulty flap 
valve mechanism at the insertion site - VUR 
results in many cases. The ideal scenario after sur- 
gery is that the punctured ureterocele allows urine 
to pass through into the bladder without obstruc- 
tion, but acts as a flap valve, covering the UVJ dur- 
ing voiding and thereby preventing VUR. 


6.3 Postoperative Imaging 

After a successful procedure, the ureterocele 
will be deflated, but still be visible as a more or 
less thick and mobile layer of tissue — some- 
times appearing as a pseudo-mass. The upper 
tract should show decreased or resolved 
dilatation. 

Due to the high incidence of de novo VUR 
which in duplex systems can affect only the upper 
or both moieties, a VCUG is usually performed 
after ureterocele puncture (particularly if not per- 
formed previously or if no VUR was present in 
the initial study). 


6.4 Possible Complications 

If the puncture of the ureterocele is insufficient, it 
will fail to collapse. Late recurrent occlusion of 
the punctured hole is possible and may cause 
recurrence of the bulging ureterocele. Excessive 
bleeding can cause a tamponade of the bladder. 
As mentioned above, de novo VUR is likely. 


Take Away 

After diagnosis of a ureterocele and 
consecutive dilatation of the respective 
moiety, endoscopic puncture is the first 
intervention. Persistent dilatation or de 
novo VUR commonly leads to surgical 
excision of the ureterocele and ureteral 
reimplantation. 
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7 Duplex Systems with Ectopic 
Ureter 
7.1 Findings 


Renal duplication per se is quite common 
(approximately 0.5 % of an unselected popula- 
tion) and in the absence of other abnormalities 
usually without any consequences. However, 
particularly in cases of complete duplication, 
i.e., two ureters that are terminating separately, 
it can be associated with an ectopic insertion of 
the upper pole ureter, which can give rise to a 
number of problems. Following the Weigert- 
Meyer rule, the ureter of the upper moiety will 
insert more distally than the one coming from 
the lower moiety. In girls, in which duplication 
as well as ectopic insertion is more common, 
the ectopic ureter can insert above or below the 
external sphincter, causing continuous loss of 
urine from the upper moiety despite apparently 
normal voiding. In boys, the insertion site is 
always located above the pelvic floor. The 
other ureter often is refluxing and draining 
through a more lateral and cranially positioned 
ostium. 


7.2 Imaging 

Imaging an ectopic ureteral insertion can be 
exceedingly challenging, especially when the 
respective moiety is not dilated and urine excre- 
tion is low due to a poor function of the respec- 
tive renal moiety. Sometimes, MRI may show the 
ureter (Riccabona et al 2010). However, clinical 
symptoms and even endoscopic or laparoscopic 
evaluations may be needed to confirm the sus- 
pected diagnosis. 


7.3 Surgical Approaches 

The most invasive approach to an ectopic ureter 
with a non- or poorly functioning renal moiety 
is the heminephrectomy, with or without resec- 
tion of the distal ureteral stump. However, there 
is a certain risk for damage of the lower moiety 
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by vascular tear, possibly resulting in loss of 
the entire kidney (Cabezali et al. 2013). Over 
the last decade, a tendency toward a less inva- 
sive approach emerged, performing a proximal 
or distal ureteroureterostomy (UU), connecting 
the distal end of the ectopic ureter to the ortho- 
topic one. 


7.4 Postoperative Imaging 

US is performed to rule out urine extravasation 
and will show the missing upper moiety after 
heminephrectomy. After UU, there can be mild 
dilatation of the upper moiety. In case of reflux 
into the ureteral stump, there can be a retrovesical 
fluid-filled structure; the size is depending on the 
length of the remaining stump. 


7.4.1 Possible Complications 
After heminephrectomy, vascular injury can 
cause ischemia and damage to the remaining 
moiety. Urinomas can occur around the kidney, 
in case of UU close to the anastomosis. 
When leaving behind a ureteral stump, recur- 
rent infections and empyemas can occur. 
Dilatation of the pelvicaliceal system of one 
or both moieties can occur after UU. 


Take Away 

Ectopic ureterocele mostly requires surgi- 
cal correction. In case of a poorly function- 
ing renal moiety, heminephrectomy used to 
be the therapy of choice; however, recently 
there is a tendency to less invasive surgical 
approaches. 


8 Renal Trauma 
8.1 Findings and Indications 
for Imaging 


The pediatric kidney is thought to be more suscep- 
tible to trauma due to its relatively bigger size and 
less effective protection by the rib cage, perirenal 
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fat, and abdominal musculature (see also chapter 
“Urinary Tract Trauma”). It is hypothesized but 
not proven that renal injury is more common in 
children than in adults (Brown et al. 1998). Another 
important difference between children and adults 
is that hematuria is a less reliable predictor of sig- 
nificant injury, as is hypotension. Therefore, imag- 
ing should be performed more aggressively if there 
is a history of a trauma that may affect the GU 
tract, even in the absence of hematuria or shock 
(Brown et al. 1998; Sirlin et al. 2004). 


8.2 Imaging Renal Trauma (See 


Chapter “Urinary Tract Trauma”) 


Ultrasound has become a major screening tool 
for trauma (focused assessment with sonography 
for trauma — FAST) with a specificity range of 
95-100 % (i.e., to correctly rule out significant 
injury). And a detailed US is being increasingly 
promoted for first-line assessment for mild to 
moderate blunt abdominal (renal) trauma 
(Riccabona et al. 2011). However, if the US find- 
ings and/or the physical shape of the patient sug- 
gests a significant injury, further imaging is 
needed. The most reliable radiological test is CT, 
as it allows for assessment of parenchymal and 
vascular damage as well as urinary extravasation 
(see chapters “Diagnostic Procedures: Excluding 
MRI, Nuclear Medicine and Video Urodynamics” 
and “Urinary Tract Trauma”). Note that a single- 
phase and single-injection CT as often obtained 
in an unstable patient or for radiation protection 
issues and active extravasation will be easily 
missed (Boone et al. 1993; Al-Qudah and 
Santucci 2006). Pediatric, age-adapted CT proto- 
cols are however essential for optimal diagnostic 
yield at the lowest possible radiation dose — 
respective recommendations are available 
(Riccabona et al. 2010). 


8.3 Clinical Management 


and Surgical Procedures 


Nowadays, most and even extensive renal inju- 
ries are managed conservatively, as long as the 
patient is hemodynamically stable or manageable 
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with a limited amount of blood transfusions. 
Thus, surgery is less often necessary. Urinoma 
may need drainage (of the collecting system, 
only sometimes of the urinoma), and large hema- 
toma may pose an indication for interventional or 
surgical relief. Indications for surgery are based 
on clinical status (instability and continued need 
for blood transfusion) and often lead to partial or 
total nephrectomy. In select cases, selective 
embolization as well as revascularization can be 
performed. 


8.4 Postoperative/Follow-Up 


Imaging 


Routine follow-up CT scan for high-grade renal 
injuries, which used to be recommended until 
recently, is no longer routinely performed in 
order to reduce radiation exposure. Usually ded- 
icated and detailed US is sufficient to answer all 
the questions relevant for management deci- 
sions. Follow-up CTs are reserved for patients 
with persistence or new onset of severe symp- 
toms not adequately addressed by US and if 
MRI is not available or feasible. If available, 
MRI is increasingly promoted for follow-up, 
providing excellent imaging without radiation 
exposure. 


8.5 Possible Complications 

Renal and vascular injury can cause significant 
scarring over time, which can be detected by 
sonography and DMSA scan. Tension caused by 
a large subcapsular hematoma can cause a page 
kidney, compressing the vessels and thereby 
causing ischemia of the previously unaffected 
regions of the kidney. 


Take Away 

Blunt renal trauma in children can be 
assessed reliably by ultrasound. If CT eval- 
uation is needed, adherence to age-adapted 
protocols is required. 
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9 Testes 


9.1 Undescended Testes (UDT) 
Above the (corrected) age of 6 months, the 
undescended testis is considered a pathological 
finding. The clinical evaluation of UDT can be 
a challenging examination, as the position of 
the testicle in children and toddlers will be 
affected by movements, room or hand tempera- 
ture, and lack of cooperation of the child. A 
retractile testis, caused by a vivid cremasteric 
reflex, may be found in the scrotum at the 
beginning of the examination but can snap up 
when touching the scrotum or thigh, and the 
correct diagnosis sometimes requires an experi- 
enced examiner. 


9.2 Imaging 

The primary imaging tool is high-resolution 
US using a linear high-frequency transducer 
(see chapter “Imaging in Male Genital 
Queries”). In some countries, it is still rather 
common to refer a child with UDT to a radi- 
ologist for imaging, although the latest 
American Urological Association guidelines 
do not recommend this diagnostic step any 
longer (Kolon et al. 2014). The main reason 
for this may be that the referral practice in 
North America can cause a significant delay in 
finally sending the child to a surgical special- 
ist, as the often rather lengthy process can take 
several months. Also, the information gained 
from imaging will not change the therapeutic 
pathway, particularly as the physical examina- 
tion is usually superior to an US study in deter- 
mining whether or not the UDT is just retractile 
or requires surgery. 

It is of note that a retractile testicle will fre- 
quently be found in inguinal position during an 
US examination, as most children are upset and 
moving, and the manipulation with the ultra- 
sound probe and the (often not warmed up) gel 
will elicit the cremasteric reflex leading to the 
(incorrect) US diagnosis of an inguinally 
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retained testis. In case of an intra-abdominal 
testis, the radiological diagnosis can be unreli- 
able and will not change the clinical pathway of 
performing a diagnostic laparoscopy if the tes- 
tis in not palpable after induction of anesthesia 
in the OR. 

However, in many European countries, (pedi- 
atric) urologists or surgeons are performing US 
themselves and mostly prefer to do the scrotal/ 
inguinal US during the preoperative visit in order 
to confirm their clinical impression and to plan 
for the procedural setup. 

Any further imaging modalities such as MRI 
or even CT are not warranted as they will not pro- 
vide the correct diagnosis with sufficiently high 
degree of certainty and will not change the surgi- 
cal management. 


9.3 Surgery 

A persistently non-palpable testicle has to be 
evaluated laparoscopically, as no other diag- 
nostic tool can differentiate between a hypo- 
plastic, intra-abdominal, and absent testicle. 
Furthermore, during laparoscopy, the appro- 
priate treatment is performed in the same pro- 
cedure, such as orchiectomy, single-stage, or 
staged orchidopexy. 


9.4 Postoperative/Follow-Up 


Imaging 


Postoperative follow-up ultrasounds are rou- 
tinely performed in order to confirm correct 
position, sufficient perfusion, and growth of the 
testicle. 


9.5 Possible Complications 

After orchidopexy and in particular the Fowler- 
Stephens maneuver, testicular atrophy can occur. 
Secondary ascension due to scarring is also pos- 
sible and requires surgical correction in most 
cases. 
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Take Away 

Although ultrasonography is a reliable 
tool to examine undescended testes, the 
clinically most relevant criterion is 
whether or not the testicle is palpable. 
Also, a retractile testis can only be distin- 
guished from an undescended testis by 
clinical examination, as the ultrasound 
examination may trigger the retractile tes- 
tis to move up into the groin. MRI or CT 
examinations are not warranted or helpful 
in this clinical entity. 


10 Urolithiasis 


10.1 Kidney Stones 

Renal concrements in children are considered 
rather rare; however, due to dietary changes and 
an increase in childhood obesity, the incidence of 
urolithiasis has increased significantly over the 
last decade (VanDervoort et al. 2007). Symptoms 
in children may differ from those in adults and 
may occur as abdominal pain, hematuria, UTI, 
vomiting, and irritability. Hypercalciuria and 
hypocitraturia are the most common cause for 
renal stones in children, but metabolic disorders 
need to be ruled out. 


10.2 Imaging 

Ultrasonography is a reliable and safe tool to 
investigate urolithiasis in children, allowing visu- 
alization of the entire upper urinary tract. In par- 
ticular, small stones, which may be missed by 
IVU or CT, can be detected with adequate hydra- 
tion (Riccabona et al. 2009). The twinkling arti- 
fact has a high positive predictive value for 
correct diagnosis of a stone (Kielar et al. 2012). 
Prior to intervention, a plain abdominal radio- 
graph may help to exactly localize a stone. CT 
scans in children should only be performed in 
select cases, when other imaging modalities did 
not suffice to secure the diagnosis. 


10.3 Indications for Treatment 
Children can pass rather large stones spontane- 
ously; therefore, conservative management is first- 
line treatment in calculi less than 3 mm (Van 
Savage et al. 2000). However, in case of pain and/ 
or fever refractory to treatment, emergency place- 
ment of an internal or external stent may be neces- 
sary. Treatment options for larger calculi include 
shockwave therapy, endoscopy, percutaneous 
litholapaxy, and open surgery, depending on 
location and size of the concrement. 


10.4 Possible Complications 


Besides UTI and sepsis, all treatment modalities 
harbor the risk of bleeding, hematoma, and 
extravasation, which can be visualized by ultra- 
sound and in select cases contrast-enhanced 
imaging. Residual or passing calculi can cause 
obstruction and consecutive renal dilatation. 
Recurrence of urolithiasis is common (40 %). 


Take Away 

Ultrasonography is the imaging modality 
of choice in most cases of urolithiasis in 
children. Plain x-ray and CT or MRI imag- 
ing can be performed in select cases. 


Conclusion 

In most urological procedures in children, the 
indication for surgery is based on clinical and 
imaging findings. For the (pediatric uro-)radi- 
ologist, knowledge of the potential impact of 
specific findings on surgical decision-making 
is mandatory in order to focus on certain 
details, such as during “dynamic” investiga- 
tions by sonography or fluoroscopy. It is 
important to reassess an imaging finding in 
context with the clinical symptoms, as the 
absence or presence of symptoms can make 
surgery unwarranted in the former, but indi- 
cated in the latter scenario. 
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After surgery, some procedures may lead to 
altered anatomical findings and can make 
interpretation difficult. For example, a certain 
degree of urinary tract dilatation after a proce- 
dure does not necessarily mean the measure 
has failed, as some changes require time to 
resolve even after successful surgery. 
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1 Definition 


Urolithiasis and nephrocalcinosis (NC) are the 
two types of calcification associated with the uri- 
nary tract. Urolithiasis is macroscopic calcifica- 
tion in the urinary collecting system. Urinary 
stones are composed out of crystal agglomera- 
tions, sometimes mixed with proteins. Stones are 
formed on the renal papillae by retention of litho- 
genic particles (Randall’s plaques), either by 
obstruction or by adherence to damaged renal 
epithelium (Coe et al. 2010; Evan et al. 2007; 
Randall 1937). This takes place when urine is 
supersaturated with regard to stone promoting 
factors, e.g. increased calcium or oxalate 
excretion, or because the inhibitor activity is 
reduced, e.g. low citrate excretion (Karlowicz 
and Adelman 1995; Verkoelen et al. 1998). 
Nephrocalcinosis is microscopic calcification in 
the tubules, tubular epithelium or interstitial tissue 
of the kidney. It is classified according to the ana- 
tomic area involved. Medullary NC is differentiated 
from either cortical or diffuse NC. In a variety of 
diseases urolithiasis and NC occur together (Hoppe 
et al. 1997; Vervaet et al. 2009; Habbig et al. 2011). 


2 Clinical Findings 
The most common symptoms of urolithiasis are 


abdominal pain, sometimes clearly identifiable 
as colicky pain, urinary tract infection, gross or 
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microscopic — non-glomerular — haematuria and, 
more rarely, flank tenderness or urinary reten- 
tion. Diagnosis is easily missed if stones are not 
specifically looked for. Small stones (<2 mm in 
diameter) may not be detectable even when their 
presence is strongly suggested. Recurrent uri- 
nary tract infections or unexplained sterile 
pyuria, secondary to noninfectious stones, may 
provide a clue. 

In contrast to patients with urolithiasis, the 
clinical presentation of NC is often asymptomatic 
especially during infancy. Renal colic has been 
suspected in some infants with NC and urolithia- 
sis but is difficult to prove. Renal ultrasound 
screening may detect NC in high-risk infants or 
as part of the diagnostic evaluation of urinary 
tract infection. The first symptoms are gross or 
microscopic haematuria, acute increases in blood 
pressure and/or sterile leukocyturia. Urinary tract 
infection may be the first sign of NC too (Hoppe 
et al. 1997; Karlowicz and Adelman 1995; 
Habbig et al. 2011) (Table 1). 


Take Away 

Urolithiasis and nephrocalcinosis are the 
two types of calcification associated with 
the urinary tract, the latter often being clin- 
ically asymptomatic. 


3 Diagnostic Imaging 


Urolithiasis and NC are only the symptom of 
underlying diseases but not the disease itself. 
Thus, a thorough diagnostic evaluation is 
required in each child to start specific treatment 
as early as possible (Hoppe and Kemper 2010; 
Stapleton 1996a, b). High-resolution ultrasonog- 
raphy (US) is the optimal imaging method for 
detecting and monitoring NC. The routine use of 
US in premature infants and in children at risk of 
developing NC has resulted in a large increase in 
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Table 1 Nephrocalcinosis grading scale (Dick et al. 1999) 
Grade I | Mild increase in echogenicity around the 
| border of the medullary pyramids 


Grade II | Mild diffuse increase in echogenicity of 
| the entire medullary pyramid 
Grade III | Greater, more homogeneous increase in 


the echogenicity of the entire medullary 
pyramid 


the number of conditions reported to be associ- 
ated with NC (Table 4) (Hernanz-Schulman 
1991; Jequier and Kaplan 1991; Nayir et al. 
1995; Shultz et al. 1991). It has also been increas- 
ingly recognised that urolithiasis and NC can 
coexist in the same patient (Alon 1997; 
Karlowicz and Adelman 1995). 

The bright renal medullary pyramids probably 
result from interstitial calcium deposition. 
Patriquin and Robitaille (1986) correlated the 
sonographic development of medullary NC with 
four patterns in vivo with the post-mortem patho- 
logic study of Anderson—Carr, which described 
the progression of intrarenal stone formation 
(Bruwer 1979). It seems that intratubular calcifi- 
cations are more common in neonatal NC (Katz 
et al. 1994). 

The varying responses of experimental NC 
reflect the complex and multifactorial aetiology 
of NC best. There are two distinct forms of exper- 
imental NC in rats: diffuse, but predominantly 
corticomedullary following sodium phosphate, 
and predominantly cortical following calcium 
gluconate (Fourman 1959). Phosphate-induced 
NC in rabbits occurs maximally at the corticome- 
dullary junction but also frequently in the cortex, 
seldom in the medulla. NC was not permanent or 
stable but improved on return to a normal diet 
(Cramer et al. 1998a, b). Cases of asymmetric 
NC are described as being due either to renal vein 
thrombosis or pelvicalyceal dilatation (Navarro 
et al. 1998). 

Diffuse cortical NC by primary hyperoxaluria 
is most evident both by US and X-ray (Akhan 
et al. 1995; Hoppe 2012). The correlation of US, 
CT, pathology and renal function of experimen- 
tal NC in rabbits demonstrated a better sensitiv- 
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Table 2 Renal stone analysis in infants and children with 
infrared spectroscopy (Briihl et al. 1987). Stones are listed 
in order of decreasing radiopacity 


Stones Girls | Boys 
B n=350 |n=500 
Calcium oxalate 63.4% | 58.2 % 
Weddellite (-monohydrate) 27:1% - [29.2% 
Whewellite (-dihydrate) | 35.7% | 29.0% 
Infectious |246% | 29.0% 
Struvite 112.9% | 15.0% 
Carbonate apatite [97% |128% 
Ammonium hydrogen urate 2.0% 1.2% 
Other phosphate stones | 

Brushite 17% [3.2% 
Cystine [0.3% |12% 
Uric acid [14% |22% 
Uric acid dihydrate 0.3 % 0.6 % 
Proteins [1.4% |16% 
Artefacts 6.9% |40% 


ity for US (96-64 %) but a better specificity for 
CT (96-85 %), which was later also found in 
paediatric patients (Cramer et al. 1998a, b; Oner 
et al. 2004; Palmer et al. 2005; Strouse et al. 
2002). 

Most urinary tract calculi are visible in X-ray 
examination as a result of their calcium content 
(Table 2). Calcium oxalate stones may occur in 
either a pure monohydrate or dihydrate form. 
Pure calcium phosphate stones and calcium oxa- 
late monohydrate stones are the densest calculi 
for their small size (Jacob et al. 2013). Calcium 
oxalate dihydrate stones may be spiculated or 
mamillated and are somewhat less dense than 
other pure stones of equivalent size (Daudon 
et al. 2008). 

Struvite stones composed of magnesium 
ammonium phosphate are of low radiopacity in 
their pure form. This material frequently forms a 
complex with calcium phosphate, which pro- 
vides increased radiopacity and which may 
produce a laminated radiography appearance in 
the “staghorn” stone. 

Cystine stones may develop as small stones 
or assume a “staghorn” configuration too. 
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Because of their sulphur content, they are less 
opaque than calcium stones. The density is 
typically homogeneous, similar to that of 
“ground glass” (Dyer and Zagoria 1992; Dyer 
et al. 1998). 

Most stones are found in the renal pelvis and/ 
or calyces, the ureter, bladder and rarely in the 
urethra. The most common ureteral calcification 
is a stone that has migrated from the kidney. 
Stones typically become impacted at points of 
anatomic narrowing in the urinary tract and may 
be difficult to detect when they overlie bony 
structures such as the sacrum. To detect a ureteral 
stone by US may be difficult, but a concomitant 
dilated ureter or urinary tract dilatation due to a 
ureteral stone might lead to diagnosis. In general, 
high-resolution US in combination with colour 
Doppler twinkling is mostly sufficient for diag- 
nosis. Intravenous urography (IVU) is very rarely 
necessary, except before extracorporeal shock 
wave lithotripsy (ESWL). 

The comparison between non-contrast- 
enhanced CT and IVU in adults suspected of a 
ureteric obstruction by stone demonstrated that 
non-contrast-enhanced CT is more effective than 
IVU in precisely identifying ureteric stones, and 
nearly all stones are visible (Mindell and Cochran 
1994; Smith et al. 1995). 

It is worth to mention that US detects 90 % 
of kidney stones but only 38% of ureteral 
stones compared to CT (Palmer et al. 2005). 
However, in infants and young children, mini- 
misation of exposure to ionising irradiation and 
the need for sedation to perform a CT favour 
the use of US over CT. 


Take Away 

Urolithiasis and NC are only the symptoms 
of underlying diseases but not the disease 
itself! Ultrasound is the primary imaging 
procedure. It detects 90 % of kidney stones 
but only 38 % of ureteral stones compared 
to CT. 


272 


4 Incidence 


The incidence of urolithiasis in paediatric patients is 
considered to be approximately 10% of that in 
adults; however, it is likely to be underestimated. 
During past decades, studies reported that 1 in 1000 
to 1 in 7500 paediatric hospital admissions were 
related to urolithiasis (Walther et al. 1980; Milliner 
and Murphy 1993; Stapleton 1996a, b). However, a 
recent single-centre study reported a nearly fivefold 
increase in hospital admissions for paediatric uroli- 
thiasis during the last decade (vanDervoort et al. 
2007) Another study from the southeast United 
States, the US “stone belt”, observed an increase of 
children with urolithiasis in an emergency room set- 
ting from 7.9 to 18.5 per 100.000 from 1996 to 
2007. Interestingly, the number of African- 
American children remained relatively low (3.2- 
4.5), whereas the number of Caucasian children in 
that setting rose from 10.9 to 26.2 per 100.000 in 
2007. Hence, Caucasian children are 5.6 times more 
likely to have kidney stones compared to Afro- 
American children (Sas et al. 2010). 

Children of all ages are affected by urolithia- 
sis and/or NC (Alon 1997). Nephrocalcinosis 
seems to primarily appear in the first years of life, 
based on the fact that it is frequently found in 
tubulopathies or inborn errors of metabolism. 
Younger children are described to present with a 
higher proportion of renal calculi, while older 
children more likely present with ureteral stones 
(Pietrow et al. 2002; Kalorin et al. 2009; Cameron 
et al. 2005). A recent study analysed the Kids’ 
Inpatient large-scale paediatric database for sex 
distribution in more than two million children 
hospitalised due to urolithiasis and found that the 
sex distribution changes with age (Novak et al. 
2009). Boys were more frequently affected dur- 
ing the first decade (1.2:1 for 0-5 years, 1.3:1 for 
6-10 years), while girls were more frequently 
affected during the second decade of life (0.96:1 
for 11-15 years, 0.3:1 for 16-20 years) (Novak 
et al. 2009). However, other sources even showed 
more pronounced changes in sex distribution. 
While in 1996 the reported incidence in boys 
(8.0/100.000) did not differ from that in girls 
(7.7/100.000), that in girls showed a faster and 
stronger increase to 21.9/100.000 in 2007 (boys 
15.3/100.000) (Sas et al. 2010). 
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In contrast to the infectious stones, which are 
mostly found in infants and young children, the 
incidence of calcium stones increases from the 
age of five. In contrast to adults, uric acid stones 
are very rare in childhood, at least in the Western 
world: Western Europe 1 % and Eastern Europe 
and the near East 5-10 % (Table 2) (Basaklar and 
Kale 1991; Brühl et al. 1987). Primary bladder 
stones used to be very frequent but have almost 
disappeared in the Western world (Lopez and 
Hoppe 2010). There is a family history in more 
than one third of cases (Danpure 2000). 

The incidence of NC is not yet known, but it is 
very common in metabolic disorders, in which it 
can be seen as frequently as urolithiasis, e.g. in 
primary hyperoxaluria (Latta and Brodehl 1990; 
Habbig et al. 2011), or where it is even the single 
form of crystal agglomeration and deposition, 
e.g. in Bartter’s syndrome (Buckalew 1989). 
Preterm infants in particular seem to be prone to 
NC, which was said to be due to a higher excre- 
tion of lithogenic factors (Sonntag and Schaub 
1997) but now seems more to be caused by an 
extremely low urine inhibitory activity by severe 
hypocitraturia (Sikora et al. 2003; Schell-Feith 
et al. 2000). The incidence, however, differs dras- 
tically between 10 and 65% (Hufnagle et al. 
1982; Jacinto et al. 1988; Sikora et al. 2003), with 
a level of 15 % in our premature infants. 


Take Away 
Although there are no concrete incidence 
numbers for paediatric urolithiasis and 
nephrocalcinosis, incidence seems to 
increase, like it is the case in the adult 
population. 


5 Aetiology 


Urine is a supersaturated solution which may 
change its concentration very drastically within a 
short time. It is therefore not surprising that 
stone formation or the development of NC may 
take place when the delicate interplay between 
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promotors, e.g. calcium, oxalate and uric acid, and 
inhibitors — citrate, magnesium and 
glycosaminoglycans (Ryall 1996) — is disturbed 
(Karlowicz and Adelman 1995; Evan et al. 2005). 

A low urine volume and/or fluctuations in the 
urinary pH both lead to changes in the solubility 
product and can therefore predispose to stone 
formation and stone growth (Coe et al. 1992). A 
urinary pH of less than 6.0 will increase the risk 
of uric acid and calcium oxalate stones, whereas 
a urinary pH >7.4 increases the chances of cal- 
cium phosphate precipitation. 

An infectious or metabolic cause for stone for- 
mation is detected in the majority of paediatric 
patients (Hoppe et al. 1997). All children with 
urolithiasis should therefore undergo careful 
examination (Table 5). Anatomical anomalies are 
often found to be the reason for stone disease. 
Renal calculi then develop due to disturbances in 
urine transport, because of urine stasis or flow 
changes (Burton et al. 1995). 

The stone composition is important for inter- 
pretation and for hints of the possible aetiology. 
The results of stone analysis depend on the origin 
of the children examined (Table 2). 


5.1 Promotors 


5.1.1 Hypercalciuria 
Hypercalciuria is one of the most frequent condi- 
tions in urolithiasis and NC (Table 3,) (Spivacow 
et al. 2010; Ammenti et al. 2006; R6nnefarth and 
Misselwitz 2000). There is no sharp limit between 
normal (up to 0.1 mmol, 4 mg/kg per day) (Ghazali 
and Barratt 1974; de Santo et al. 1992) and abnor- 
mal, except for very high excretions (> 0.2 mmol/ 
kg per day). Whether such children will form 
stones or develop NC also depends on other fac- 
tors, e.g. urine volume, pH and the concentration of 
the other urinary constituents, primarily of oxalate 
and citrate (Hesse et al. 1986; Hoppe et al. 2008). 
Primary/idiopathic hypercalciuria is the most 
common cause of calcium-containing stones 
(Coe et al. 1992). It has traditionally been divided 
into a renal and an absorptive subtype (Stapleton 
1983). Theoretically, in patients who have not 
eaten, urinary calcium excretion is elevated in the 
former, renal, but normal in the latter, absorptive. 


Table 3 Metabolic disturbances associated with uroli- 


thiasis/nephrocalcinosis 
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Metabolic disturbances 


Hypercalciuria 


Normocalcaemic 
hypercalciuria 


Idiopathic hypercalciuria 


dRTA 


Diuretics — furosemide 
Bartter’s syndrome 
Wilson’s disease, Lowe’s 
syndrome 

Familial hypercalciuria- 
hypomagnesaemia and 
nephrocalcinosis 
syndrome (FHHNC) 


Hypercalcaemic, 
hypercalciuria 


Primary 
hyperparathyroidism 


Immobilisation 


Hyperthyroidism 


Hypothyroidism 


Cushing syndrome — 
ACTH therapy 


Adrenal insufficiency 
Malignant neoplasm 
Williams—Beuren 
syndrome 


Hypervitaminosis D, A 
CYP24A1 mutation 


Idiopathic hypercalcaemia 
of childhood 


Hyperoxaluria 


Cystinuria 


Primary hyperoxaluria 

type I, II, HI 

Secondary hyperoxaluria 
Malabsorption 
syndromes 
Lack of intestinal 
Oxalobacter formigenes 
Short bowel syndrome 
Dietary 


Type I, II, non-type I/II 


(3 %) 


HAyperuricosuria 


Inborn errors of 
metabolism 

Lesch—Nyhan 

syndrome 

Glycogen storage diseases, 
type I, IM, V, VII 


Overproduction in 
Leukaemia 
Non-Hodgkin’s 
lymphoma 


High-protein diet 


HAypocitraturia 


dRTA 

Idiopathic 

Treatment related (e.g. 
calcineurin inhibitors) 
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Many paediatric patients, however, cannot easily 
be classified. 

Idiopathic hypercalciuria is considered a 
multifactorial disease characterised by a com- 
plex interaction of environmental and individual 
factors. Up to 50% of patients have a positive 
family history (Gambaro et al. 2004; Vezzoli 
et al. 2010). 

Finally, there is a rare but extremely severe 
form of idiopathic hypercalciuria leading to pro- 
gressive NC and renal failure: X-linked hypercal- 
ciuric nephropathy with tubular proteinuria, also 
called Dent’s disease (Lloyd et al. 1996). 

Medullary NC and calcium phosphate stones 
are common in patients with distal renal tubular 
acidosis (ARTA) (Buckalew 1989; Giickel et al. 
1989). A high urinary pH, hypercalciuria and 
hypocitraturia contribute to these findings (Hamm 
1990). In the complete form of dRTA, the urine 
pH cannot be lowered to less than 6.1 after an acid 
loading test (Hesse and Vahlensieck 1986). 

Medullary NC with hyperechogenic cortex 
has been described in children with tyrosinemia. 
This rare disease, 1:100.000 live births, is often 
combined with an impaired renal function: ami- 
noaciduria, hypercalciuria and tubular acidosis 
(Forget et al. 1999). 

There are several clinical entities leading to 
hypercalcaemia with secondary hypercalciuria 
(Breslau 1994). Primary hyperparathyroidism, 
although the most frequent cause of hypercalcae- 
mic hypercalciuria in adults, is very rare in chil- 
dren (Damiani et al. 1998). Hypervitaminosis D 
due to administration of multivitamin prepara- 
tions including vitamin D, or due to vitamin D 
added to milk preparations, can induce hypercal- 
caemia and hypercalciuria (Davies 1989; Jacobus 
et al. 1992; Taylor et al. 1995). Also, mutations in 
the gene coding for the main enzyme of 1,25-OH 
dihydroxy-vitamin D3 degradation (CYP24A1) 
were found to be the culprit for the development 
of nephrocalcinosis (Schlingmann et al. 2011). 
CYP24A1 mutations here led to massive hyper- 
calcaemia, suppression of PTH and clinically to 
dystrophy and muscular hypotonia. An excessive 
daily intake of vitamin A, > 10,000 units, may also 
lead to hypercalcaemia and can induce hypercal- 
ciuria (Ragavan et al. 1982). Immobilisation over 
only 4 weeks will lead to a reduction of bone 
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calcium and bone mass of about 15-20 % accom- 
panied by hypercalciuria (Zanchetta et al. 1996). 
Long-term administration of furosemide () or 
dexamethasone and ACTH () can lead to hypercalci- 
uria, NC or stone disease (Downing et al. 1991; 
Libenson et al. 1999; Myracle et al. 1986; Pope et al. 
1996; Rausch et al. 1984; Alon et al. 1994; Hufnagle 
et al. 1982; Kamitsuka and Peloquin 1991). 
Hypercalciuria is also found in several syndromes, 
either linked to the pathogenesis (Bartter’s syn- 
drome, William’s syndrome) or due to renal tubular 
damage (Wilson’s disease, Lowe’s (Dent 2) syn- 
drome) (Gtickel et al. 1989; Cote et al. 1989; Hoppe 
et al. 1993a, b; Sliman et al. 1995). Patients with 
Bartter’s syndrome develop NC but no stones 
(Table 4). Further conditions include hyper- and 
hypothyroidism, Cushing syndrome, adrenal insuf- 
ficiency and metastatic malignant bone disease, 
long-term assistant ventilation (acid-base changes) 
and long-term parenteral nutrition, e.g. in very low 
birth weight infants (Coe et al. 1992; Laufer and 
Boichis 1989; Campfield and Braden 1989; Hoppe 
et al. 1993a, b; Pfitzer et al. 1998; Sikora et al. 2003). 


5.1.2 Hyperoxaluria 

Hyperoxaluria is probably still an underesti- 
mated cause of stone formation, although oxalate 
is a more important risk factor than calcium 
(Williams and Wandzilak 1989). Therefore, even 
slightly elevated values are relevant (Leumann 
et al. 1987). Urinary oxalate is mostly of endog- 
enous origin, only 5—10% derive from the daily 
nutritional intake (Monico and Milliner 1999; 
Williams and Wandzilak 1989). 

Primary hyperoxaluria type I (PH I) is a rare, 
autosomal recessive inherited disease caused by a 
defect in glyoxylate metabolism with low or 
absent activity of liver-specific peroxisomal 
alanine:glyoxylate aminotransferase (AGT) 
(Danpure 1989). The AGXT gene is located on 
chromosome 2q36-37 (Purdue et al. 1991). The dis- 
ease prevalence is two patients per million popula- 
tion in Europe (Kopp and Leumann 1995). Around 
35—40 % of all patients are only diagnosed in end- 
stage renal disease (Hoppe and Langman 2003). 

PH I is characterised by a highly elevated 
urinary excretion of oxalate and glycolate 
(> 0.8 mmol/1.73m’body surface area/day, 
normal <0.5). The urine is saturated with respect 
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Table 4 Common causes of nephrocalcinosis and differ- 
ential diagnosis 


Common causes 
ACTH therapy 
Adrenal insufficiency 


N ephrocalcinosis 
Medullary 


Bartter’s syndrome 


Bone metastases 


Cushing syndrome 


FHHNC 
Hyperoxaluria 


Hyperparathyroidism 


Hyper-, hypothyroidism 


Idiopathic hypercalcaemia 


Lipoid necrosis 


Lesch-Nyhan syndrome 


Lowe syndrome 


Malignant neoplasm 


Medication: furosemide, 
dexamethasone 


Medullary sponge kidney 


Nutrition: long-time 
parenteral nutrition, ascorbic 
acid supplementation 

dRTA 

Tyrosinemia 


Sarcoidosis and other 
granulomatous diseases 


Sickle cell disease 


Vitamin D, A intoxication 
CYP24A1 mutations 


Williams syndrome, 
Wilson’s disease 


Cortical Chronic hypercalcaemia 


Ethylene glycol intoxication 


Primary hyperoxaluria 


Sickle cell disease 


Acute cortical necrosis 
Alport syndrome 


Differential diagnosis 


Chronic glomerulonephritis 


Kidney transplant rejection 


Pyelonephritis 


Renal tuberculosis 


Renal vein thrombosis 


Tamm-Horsfall depositions 


to calcium oxalate, which causes renal calculi, 
(medullary) NC or both (Hoppe 2012). With dis- 
ease progression and declining renal function, 
calcium oxalate crystals are deposited in the 
parenchyma of other organs, as well as in the 
bones and retina (Hoppe 2012). 
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There is a very large clinical, biochemical and 
genetic heterogeneity with some patients suffer- 
ing early renal failure due to NC and others who 
only have occasional passage of stones in adult 
life with preserved renal function (Cochat and 
Rumsby 2013). Renal stones or medullary NC are 
usually the first signs of PH I (Akhan et al. 1995). 
However, diagnosis of PH I is often delayed for 
many years (Kopp and Leumann 1995). Thus, it is 
important to exclude PH I in all calcium oxalate 
stone formers (Cochat et al. 2012). 

Primary hyperoxaluria type II (PH II), gene on 
chromosome 9p1 1, is less frequently observed than 
PH I. It is characterised by increased urinary excre- 
tion of oxalate and L-glyceric acid due to a defect 
of both liver-specific D-glycerate dehydrogenase 
and hydroxypyruvate reductase (Marangella et al. 
1992; Cregeen and Rumsby 1999). Urinary glyco- 
late excretion is normal. The clinical course of PH 
I is much milder than in PH I, although its clinical 
characteristics are comparable (Hicks et al. 1983). 
End-stage renal failure is rather the exception 
(5-10% of patients) (Marangella et al. 1994; 
Hoppe 2012). 

Recently a third PH gene (HOGA 1) on chro- 
mosome /0q24 was found, which encodes for the 
mitochondrial 4-hydroxy-2-oxo-glutarate aldol- 
ase, and loss of function mutations leads to severe 
hyperoaxluria but also elevated urinary hydroxy- 
oxo-glutarate excretion (Belostosky et al. 2010). 
Very frequently, hyperoxaluria is accompanied 
by hypercalciuria and hyperuricosuria. It appears 
as if PH type III is the second most frequent form 
of PH. Recurrent kidney stones or severe nephro- 
calcinosis is observed especially in infancy and 
early childhood. Surprisingly, the clinical symp- 
toms of the disease decrease over time, although 
hyperoxaluria is ongoing. No case of end-stage 
renal disease was ever reported (Beck et al. 2013; 
Monico et al. 2011; Riedel et al. 2012). 

Secondary/enteric hyperoxaluria is a typical 
complication in patients with fat malabsorption, 
e.g. cystic fibrosis, chronic inflammatory bowel 
diseases (Crohn’s disease) and short bowel 
syndrome (Hoppe et al. 1998; Sidhu et al. 1998). 
Normally, oxalate is intestinally bound to calcium 
to form insoluble calcium oxalate, which is not 
absorbed. In patients with enteric hyperoxaluria, 
calcium instead binds to fatty acids; thus, more 
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soluble oxalate is absorbed (Williams and 
Wandzilak 1989). Secondly, patients with cystic 
fibrosis lack intestinal oxalate-degrading bacte- 
ria, Oxalobacter formigenes, which will increase 
free and absorbable intestinal oxalate (Sidhu 
et al. 1998). Up to 50% of our patients with cys- 
tic fibrosis have hyperoxaluria and nearly 15 % 
develop urolithiasis or NC (Hoppe et al. 2005). 
Enteric hyperoxaluria may also lead to progres- 
sive NC and/or recurrent urolithiasis and even 
end-stage renal disease (Neuhaus et al. 2000; 
Hueppelshaeuser et al. 2012). 


5.1.3 Cystinuria 

Cystinuria is one of the most frequent genetic dis- 
orders with an overall prevalence of 1:7000 and an 
autosomal recessive inheritance. It is caused by a 
defective transport of cystine and the dibasic amino 
acids lysine, ornithine and arginine through the epi- 
thelial cells of the renal tubule and intestinal tract. 
Two types of cystinuria are now distinguished 
according to the disease-specific genotype (Font- 
Llitjos et al. 2005). However, in approximately 
3%, no mutation in these genes is found. In addi- 
tion, there are differences of the intestinal transport 
either being disturbed or completely hampered 
(Horsford et al. 1996; Dello Strologo et al. 2002). 
Whether stones are formed depend not only on cys- 
tine excretion but also on urine volume and pH. 


5.1.4 Hyperuricosuria 

Uric acid stones are rarely found in children. 
Hyperuricosuria results from high purine diets, 
myeloproliferative disorders, tumour lysis syn- 
drome, enzyme defects, etc. (Table 3). Many 
drugs, e.g. probenecid, high-dose salicylates and 
contrast media, also increase uric acid excretion. 
However, low urine pH and low urine volume are 
far stronger risk factors for stone formation than 
hyperuricosuria per se. 

Some rare inherited deficiencies of the purine 
salvage enzymes hypoxanthine phosphoribosyl- 
transferase (HPRT) and adenine PRT (APRT) lead 
to primary purine overproduction (Table 3). 
X-linked Lesch-Nyhan syndrome occurs in 
complete deficiency of HPRT. It is characterised by 
mental retardation, automutilation, choreoathetosis, 
gout and uric acid and NC (Cameron et al. 1993). 


Partial deficiency of HPRT results in urolithiasis 
and renal failure (Choi et al. 1993). Gout and neph- 
rolithiasis have also been reported in glycogen stor- 
age disease type I (Restaino et al. 1993) (Table 5). 
Deficiency of adenine phosphoribosyltrans- 
ferase (APRT) results in 2.8-dihydroxyadeninuria 
(Cebellos-Picot et al. 1992) with autosomal 
recessive inheritance. Serum uric acid is normal, 


Table 5 Diagnostic urolithiasis/ 


nephrocalcinosis 


procedure in 


Patient’s history Familial stone disposition 


Stone recurrence 


US, (abdominal X-ray), 
Spiral low enhanced CT 


Stone localisation 


Lab Electrolytes, uric acid, 
creatinine, urea, Mg, PO,, 
plasma oxalate, acid-base 


status, AP 


Culture, sediment — recurrent 
infections 

24 h urine >promotors and 
inhibitors 


Urine 


Clearance 
Daily fluid intake, meat, milk 
Diuretics, ACTH 


Vitamin D, A, C overdose 
Allopurinol chemotherapy 


Renal function 
Diet 
Drugs 


Inherited metabolic 
disorders 


Cystinuria 

Primary hyperoxalurias 
Familial hypercalciuria, 
hypomagnesaemia and 
nephrocalcinosis syndrome 
(FHHNC) 

CYP24A1 (Vit D 
metabolism) 
Xanthinuria 

2,8 Dihydroxyadeninuria 
dRTA 

Dent’s disease 
Lesch—Nyhan syndrome 
Wilson’s disease 
Bartter’s syndrome 
William’s syndrome 
Lowe’s syndrome 


Chronic diseases Malabsorption syndromes 
(e.g. cystic fibrosis) 
Steatorrhea 
Celiac disease 


Short bowel syndrome 


Immobilisation Hypercalciuria 


Stone analyses Infrared spectroscopy, X-ray 


diffraction 


Differential diagnosis 


e.g. appendicitis 
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and the stones are radiolucent and may be con- 
fused with uric acid. The urine contains charac- 
teristic brownish round crystals. Diagnosis is 
confirmed from APRT activity in red blood cells 
or from excretion of hydroxyadenine in the urine. 

In xanthinuria, serum uric acid concentration 
is very low due to deficiency of xanthine oxidase 
which converts xanthine to uric acid. Characteristic 
findings of xanthinuria are an orange-brown uri- 
nary sediment or orange-stained nappies and later 
xanthine stones (Arikyants et al. 2007). 


5.2 Inhibitors 

5.2.1 Hypocitraturia 

A low citrate excretion is not always adequately 
recognised as a risk factor in the pathogenesis of 
calcium-containing stones (Miller and Stapleton 
1985). Low urinary citrate excretion is character- 
istic for the complete form of dRTA (Preminger 
et al. 1985). Hypocitraturia is also observed in 
persistent mild or latent metabolic acidosis, in 
hypokalaemia and in patients with malabsorption 
syndromes (Hoppe et al. 2005). Idiopathic 
hypocitraturia may be secondary to low intestinal 
alkali absorption (Hoppe et al. 1997). 


5.2.2 Further Inhibitors 
Glycosaminoglycans (heparin sulphate), Tamm- 
Horsfall protein (THP) (Hess et al. 1991), nephro- 
calcin and uropontin are other potent inhibitors of 
crystallisation processes (Ryall 1996). However, 
their physiological role, if any, is disputed. The role 
of THP as inhibitor must be distinguished from the 
so-called THP kidneys, which can be seen in the 
first five days of life in neonates (Avni et al. 1983; 
Berdon et al. 1969; Starinsky et al. 1995). 


Take Away 

In more than 75% of children with uroli- 
thiasis and nephrocalcinosis, a metabolic 
reason for stone disease can be found. So in 
all children, diagnostic evaluation is man- 
datory after the first kidney stone passage 
or when NC is detected. 
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6 Infectious Stones 


Infectious stones are mainly composed of stru- 
vite (magnesium ammonium phosphate) but 
often also contain carbonate apatite. Most stru- 
vite stones are found in the kidney, but they may 
also form in the bladder. Urease-producing bacte- 
ria are responsible for the formation of struvite 
calculi. Ammonia is hydrolysed to ammonium 
ions which results in a high urinary pH. The high 
pH also promotes the formation of carbonate ions 
and the production of trivalent phosphate ions, 
both components of struvite calculi. Many Gram- 
positive and Gram-negative bacteria produce ure- 
ase; however, Proteus species is the predominant 
organism. 

Struvite stones are mainly seen in boys under 
the age of five. In one third of patients, there is a 
primary anomaly of the urinary tract, most often 
a ureteropelvic junction obstruction, or a primary 
megaureter, or more rarely a ureterocele or ure- 
thral valves, etc. (Bruziere and Roubach 1981). 
Patients with a neurologic bladder, particularly 
those with meningomyelocele, are particularly 
prone to struvite stones (Raj et al. 1999). Stones 
may also occur after renal transplantation (Hess 
et al. 1994) and during secondary infection on a 
nidus of different composition, e.g. cystine or 
calcium oxalate. It is therefore important not to 
miss an underlying metabolic disorder. Urinary 
stasis increases the potential for crystallisation to 
occur. Stones found in patients with ureteropelvic 
obstruction must therefore not necessarily be of 
infectious (or metabolic) origin (Oguzkurt et al. 
1997). 


7 Extrinsic Factors 


Urolithiasis may occur from crystallisation of 
several drugs, e.g. after high-dose sulphonamide 
therapy (Miller et al. 1993) or after chemother- 
apy (Hoppe et al. 1997; Cramer et al. 1990). 
Bladder stones are sometimes found in associa- 
tion with foreign bodies or after surgical proce- 
dures, where sutures or metallic staples form the 
basis of crystal deposition and agglomeration in 
response to urine exposure. 
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8 General Preventive 

and Therapeutic Measures 
8.1 Medication 


Although stone removal nowadays might be easy 
to achieve, e.g. via ESWL, prevention of further 
stone formation is of utmost importance. A large 
fluid intake at all times, particularly during sum- 
mer, is the simplest measure. Specific other pro- 
cedures depend on the underlying condition. In 
infectious stones, all calculus material should be 
removed, as it may harbour the organisms. 
Recurrence of urinary tract infection has to be 
prevented, e.g. via antibiotic prophylaxis, urine 
acidification or operation of a vesicoureteral 
reflux. For all other stones, the underlying meta- 
bolic disturbance has to be treated in addition to 
a high daily fluid intake and to dietary advice. 
Calcium excretion can be reduced by hydrochlo- 
rothiazide medication; in primary hyperoxaluria, 
therapy with pyridoxine is recommended (Hoppe 
2012). Alkaline citrate medication is advisable in 
both calcium oxalate and uric acid stone disease, 
as well as in (idiopathic) hypocitraturia, or in 
patients with dRTA (Leumann et al. 1993). In 
cystinuria, urine alkalinisation and a high urine 
volume are extremely helpful, in addition to 
effective thiol derivatives (D-penicillamine or 
alpha-mercaptopropionylglycine (Thiola) or 
ACE inhibitor treatment, which are necessary in 
recurrent stone formers (Knoll et al. 2005). 
Allopurinol, an inhibitor of xanthine oxidase, is 
given in hyperuricosuria that is not amenable to 
dietary restrictions, particularly in partial or com- 
plete HPRT deficiency (Lesch—Nyhan syndrome) 
(Cameron et al. 1993). 


8.2 Surgery 

Many pelvic or ureteral stones do not require any 
intervention and may pass spontaneously, helped 
by a large urine volume, physical activity and 
spasmolytics, if needed. An intervention is 
required in case of persisting or severe obstruction 
or infection. Small calculi, <5 mm, may be left in 
situ and observed. Only two kinds of stones can be 
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dissolved chemically: cystine stones by chelating 
agents and uric acid by alkalisation and adminis- 
tration of allopurinol (Chow and Streem 1996). 

Extracorporeal shock wave lithotripsy 
(ESWL) is now possible even in small children. 
Ureteral stones may also be treated by ESWL if 
they are not located very distally or are incrus- 
tated in the ureteral wall. Extracorporeal shock 
waves may damage the renal parenchyma when 
medullary NC is evident (Boddy et al. 1988). The 
so-called stone streets in the ureters are very 
often found after successful ESWL and need spe- 
cific attention (Dyer et al. 1998). 

Other procedures such as percutaneous neph- 
rolithotomy (PNL), ureteroscopy or transureteral 
lithotripsy (URL), which allow the removal of 
ureteral stones, are also kidney protective and 
good alternatives to open surgery (Durkee and 
Balcom 2006). However, the latter is still required 
in a considerable proportion of paediatric 
patients, primarily in those with urinary tract 
anomalies (El-Damanhourty et al. 1991). 


Take Away 

Although stone removal nowadays might 
be easy to achieve, prevention of further 
stone formation is of utmost importance. 
Only symptomatic stones may be removed. 


Conclusions 

e Urolithiasis and nephrocalcinosis are not the 
disease itself; they are only its (first) symptom. 

e High-resolution US is the best method for 
detecting and monitoring nephrocalcinosis. 

e For detecting urolithiasis — especially ureteral 
stones — unenhanced low dose spiral CT is the 
method of choice. However, in children, it is 
seldom necessary; most relevant stones can 
be depicted by a meticulous US examination. 

e The most important task in children with 
urolithiasis and/or nephrocalcinosis is to 
identify a metabolic reason for stone disease 

e Nephrocalcinosis may persist and even 
become permanent on US even after elimi- 
nating the cause. 
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chronic renal failure (CRF). In addition, AKI 
may be superimposed on CRF worsening the 
prognosis significantly. Neonatal AKI (nAKI) 
has to be seen in the context of switching from 
fetal situation to postpartal renal function and is 
discussed separately. Children suffering from 
congenital, hereditary, or severe acquired renal 
disease, basically or caused by injury, have a 
substantially diminished number of nephrons. 
Loss of nephrons cannot be replaced by new 
units, and recovery is impossible. Consequently, 
according to the patient’s age, different diseases 
enter a common pathway of progressive renal 
dysfunction, CRF. End-stage renal disease 
(ESRD) is reached when survival is only possi- 
ble with renal replacement therapy. Aside from 
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all medical and psychosocial care during CRF 
and ESRD, renal transplantation (RTx) is the 
ultimate goal to optimize rehabilitation and 
lifestyle. 


2 Acute Renal Failure, Acute 
Kidney Injury 

2.1 Definition and Classification 

As indicated above, AKI is a sudden-onset renal 
compromise with retention of creatinine and 
urea waste products. The kidneys are unable to 
maintain electrolyte homeostasis and fluid bal- 
ance (Lameire et al. 2005). The disease may be 
slight with just a small increase of creatinine or 
severe with the need for renal replacement ther- 
apy. Urine output may be normal, high, or dimin- 
ished (oliguria). A uniform definition of AKI 
was proposed, the Risk, /njury, Failure, Loss, 
and End-stage renal disease (RIFLE) classifica- 
tion (Bellomo et al. 2004). Recently, the RIFLE 
criteria were modified for pediatric AKI, the 
pRIFLE system, shown in Table 1 (Akcan- 
Arikan et al. 2007). The KDIGO guidelines 
(KDIGO 2012) refer to pRIFLE predominantly 
being in use beyond the neonatal period (Thomas 
et al. 2014). 


2.2 Causes of Acute Kidney Injury 

Various diseases can cause AKI traditionally dif- 
ferentiated into prerenal AKI, renal (intrinsic) 
AKI, and postrenal AKI (Table 2). “Prerenal” 
implicates a complete reversibility of AKI with 
restoration of the renal hypoperfusion like in 
dehydration, acute blood loss, or in heart failure. 
If impossible during a certain time, prerenal AKI 
will proceed to intrinsic AKI. Postrenal AKI is 
rare if two functioning kidneys are present and 
bladder or urethral obstruction is required. It can 
be found more often in obstructed single kidneys 
or in renal transplants, e.g., with ureteral necro- 
sis. The majority of children suffer from renal 
(intrinsic) AKI. The disorders can be differenti- 
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Table 1 Pediatric-modified RIFLE criteria (pRIFLE) 

| Estimated GFR | Urine output 

Risk | eGFR decrease by 25% | <0.5 ml/kg/h for 

Injury eGFR decrease by 50% | <0.5 ml/kg/h for 

| 16h 
Failure | eGFR decrease by 75% | <0.3 ml/kg/h for 
24 h or 

| eGFR <35 ml/ | Anuria for 12 h 
| min/1,73 m? 

Loss Persistent failure >4 
| weeks 

End End-stage renal disease 

stage 


| (persistent failure >3 
| months) | 


Modified from Akcan-Arikan et al. (2007) 
eGFR estimated glomerular filtration rate 


ated into four subgroups. The various types of 
glomerulonephritis and interstitial nephritis with 
AKI are discussed in chapter “Renal Parenchymal 
Disease” as well as the majority of AKI caused 
by vascular disorders like vasculitis, the renal 
thrombotic microangiopathies including hemo- 
lytic uremic syndrome and antiphospholipid syn- 
drome. Renal venous thrombosis can be found in 
nephrotic syndrome but mostly is a neonatal 
renal compromise. 

Tubular compromise (acute tubular necrosis, 
ATN) may be toxin-mediated. Exogenous toxins 
are bacterial toxins in sepsis or nephrotoxic 
antibacterial, antifungal, or antineoplastic drugs 
like aminoglycosides or cisplatin. Contrast 
agents can cause contrast-induced nephropathy 
(CIN). Endogenous toxins are hemoglobin, myo- 
globin (crush syndrome), or uric acid (tumor 
lysis syndrome). Ischemia/hypoxemia-mediated 
ATN may be the result of prolonged or irrevers- 
ible prerenal failure frequently following surgical 
interventions. Two components have to be con- 
sidered in the pathophysiology. The microvascu- 
lar component means vasoconstriction with a 
decreased oxygen supply and eventually vascular 
obstruction. The tubular component, in part 
caused by ischemia, is a cytoskeletal breakdown, 
desquamation of necrotic cells with tubular 
obstruction, and backleak of glomerular filtrate 
(Lameire et al. 2005). 
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Table 2 Causes of acute kidney injury. TMA, thrombotic microangiopathy 


Acute kidney injury 


Prerenal Renal, intrinsic Postrenal 
| Glomerular Interstitial | Tubular Vascular 
Glomerulonephritis Drugs Toxic Vasculitis 
Infections Ischemic Thrombosis 
Autoimmune Renal TMA 


2.3 Diagnosis, Treatment, 


and Prognosis 


Diagnosis of AKI is based on an increase of 
serum creatinine (SCr) or a decrease of 
GFR. Clinical and laboratory evaluation of these 
children is urgent to determine the cause and to 
start appropriate therapy. The volume status and 
the fractional excretion of sodium (FENa) help to 
differentiate prerenal AKI from intrinsic AKI; 
FENa larger than 2% indicates sodium loss of 
intrinsic AKI. Hematuria and proteinuria point to 
glomerular disorders; a normal urinalysis favors 
tubulointerstitial compromise and ischemic/toxic 
lesions of ATN. Serum creatinine is a late mea- 
sure of renal function (Andreoli 2009). Parameters 
for early detection are warranted enabling early 
interventions and hopefully leading to an 
improved prognosis. This is especially true for 
AKI on the pediatric intensive care unit (PICU) 
for disorders like sepsis, multiple organ failure, 
or AKI following cardiac surgery. Different bio- 
markers have been tested like neutrophil 
gelatinase-associated lipocalin (NGAL), inter- 
leukin-18 (IL18), kidney injury molecule 1 
(KIM-1), cystatin C (CysC), etc. (Ho et al. 2014). 
Yet there is no single biomarker so far to fulfill 
our expectations. Treatment depends on final 
diagnosis and is symptomatic in most cases, and 
continuous hemodiafiltration is the method of 
choice if renal replacement therapy is needed 
especially on a PICU (Kellum and Lameire 


2013). Prognosis following AKI is questionable 
and highly dependent on the underlying disease. 
Mortality is high in AKI as part of multiple organ 
failure in a PICU in contrast to AKI in isolated 
renal disorders (Andreoli 2009). In addition, chil- 
dren with AKI directly may proceed to chronic 
kidney disease (CKD) or have late CKD despite 
an apparent normalization of renal function. 
Long-term follow-up is needed in all pediatric 
AKI patients. 


Take Away 

Diagnosis, classification, and therapy of 
AKI are urgent. Normalization of renal 
function or CKD may be the outcome. 


3 Neonatal Renal Failure 


Fetal and Neonatal Renal 
Function 


3.1 


Significant fetal urine production starts at approx- 
imately 10-12 weeks of gestation. Fetal urine is 
the major constituent of amniotic fluid, and renal 
oligohydramnios indicates fetal renal failure. 
Nephrogenesis has a centrifugal pattern and is 
completed at 34—36 weeks of gestation. Destroyed 
nephrons cannot be replaced by new filtering 
units. Thus, prematurely born infants are the only 
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humans able to harvest new nephrons after birth. 
Fetal renal blood flow (RBF) and glomerular fil- 
tration rate (GFR) are low. Plasma renin activity 
is high and production of renal prostaglandins is 
increased. Fetal homeostasis is maintained by the 
placenta and the maternal renal function, the 
“fetomaternal unit.” 

There is a sharp rise in RBF and GFR after 
birth. Plasma renin activity and production of 
renal prostaglandins decrease, but remain ele- 
vated compared to older children. Maturation of 
renal function is mostly due to enlargement of the 
glomerular capillary surface area, a rise in ultra- 
filtration pressure, and further development of 
tubular function, but the neonatal kidneys are 
vulnerable. On the first day of life, serum creati- 
nine roughly equals maternal values even in cases 
with fetal renal failure. Prematurely born infants 
have higher levels of creatinine, and their postna- 
tal increase in creatinine clearance is delayed 
compared to term neonates (see chapter “Normal 
Values”; Table 4). This is valid especially in very 
low birthweight infants (Bueva and Guignard 
1994; Vieux et al. 2010). 


3.2 Neonatal Acute Kidney Injury 

Neonatal AKI (nAKI) is common in a neonatal 
intensive care unit (NICU) and has a significantly 
negative effect on the outcome. It is best charac- 
terized by changes of serum creatinine (SCr) 
compared to a baseline value. Stage 1 of nAKI is 
defined as increase of >0.3 mg/dl within 48 h or 
up to two times the baseline in 7 days, stage 2 is 
an increase up to three times the baseline, and 
stage 3 is an increase of more than three times the 
baseline or SCr >2.5 mg/dl or dialysis (Jetton and 
Askenazi 2014). Oliguria also can be used for 
staging of nAKI, but this may be problematic as 
neonatal AKI frequently is nonoliguric. Special 
groups with nAKI are severely compromised like 
very low birthweight infants having a mortality 
of 42% compared to 5% in the non-AKI group 
(Koralkar et al. 2011). Cases with severe asphyxia 
and nAKI have mortality rates up to 47%, and 
12% of neonates with congenital heart disease 
and AKI die (Gupta et al. 2005; Blinder et al. 
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2012). Sepsis-associated nAKI is frequent as 
well as tubular injury by nephrotoxic medica- 
tions like aminoglycosides. Indomethacin — fre- 
quently given for closure of ductus arteriosus — and 
angiotensin-converting enzyme inhibitors 
(ACEI) or ATll-receptor blocking drugs 
(ATII-RB) decrease renal perfusion. ACEI or 
ATI-RB given during pregnancy can cause oli- 
gohydramnios and renal tubular dysgenesis 
(RTD), a special form of renal dysplasia with 
lesions of the proximal renal tubule (Spaggiari 
et al. 2012). Identical lesions are found in the kid- 
neys of the asphyxiated donor twin of twin-to- 
twin transfusion syndrome, and in genetical 
forms of RTD where mutations in genes of the 
ACE system are found (Gubler 2014). These 
neonates have pulmonary hypoplasia and a nearly 
intractable arterial hypotension in addition to the 
kidney injury, and most cannot survive. 


3.3 Diagnosis and Treatment 
Identification of causes is essential as nAKI is 
often multifactorial. Due to the immature tubules, 
urine volume may be high (nonoliguric nAKI) 
and the ability to conserve sodium is lower. 
Consequently, determination of fractional excre- 
tion of sodium (FENa) is limited to distinguish 
between prerenal and intrinsic nAKI. Low urine 
output (<1.5 ml/kg/h) was present in 20% of 
NICU patients in a recent study and correlated 
well with mortality (Bezerra et al. 2013). 
Additional prognostic factors for non-survival 
were maximal serum creatinine (nAKI stage 
2-3), hyperkalemia, acidosis, thrombocytopenia, 
long mechanical ventilation, and sepsis. Like in 
older AKI patients, there is an intensive search 
for urine biomarkers predicting nAKI early in the 
course enabling timely interventions and improv- 
ing prognosis. Urine NGAL, KIM-1, CysC, and 
other markers were tested with some success, but 
further research is needed (Krawczeski et al. 
2011; Askenazi et al. 2011). 

Treatment of nAKI is supportive. Adequate 
fluid and electrolyte replacement is needed but 
fluid overload should be avoided. Catecholamines 
are given as appropriate, and especially theophy]- 
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line can reduce the AKI incidence significantly 
(Jetton and Askenazi 2014). Nephrotoxic medi- 
cations have to be stopped or need proper adjust- 
ment for renal function; measurement of drug 
blood levels are helpful. Neonates with progres- 
sive nAKI, severe fluid overload, and intractable 
electrolyte imbalances need renal replacement 
therapy mostly performed as continuous hemodi- 
afiltration (Askenazi et al. 2013; Rödl et al. 
2012). 


3.4 Congenital Renal Disorders 
Genetic and nongenetic congenital renal disor- 
ders like hypodysplasia, cystic diseases, or uri- 
nary tract obstruction already may have caused 
renal lesions before birth, and renal oligohy- 
dramnios indicates fetal renal failure. These 
“chronic renal lesions” become relevant with 
birth causing “acute” kidney dysfunction by 
themselves or lead to superimposed nAKI. This 
may be intrinsic (prematurity, artificial ventila- 
tion, asphyxia, etc.) or postrenal where relief of 
obstruction is urgently needed. Such cases repre- 
sent 10-30% of all neonates with nAKI, and 
avoidance of additional renal lesions is of utmost 
importance (Klaassen et al. 2007). The preg- 
nancy should be kept intact as long as possible 
because birth weight below 2000 g is a challenge 
if neonatal renal replacement therapy is needed; 
70% of patients will survive and neonatal end- 
stage renal disease is exceptional. Follow-up is 
favorable in many cases with just 50 % of patents 
on dialysis or already being transplanted at the 
age of 8 years (Kemper and Miiller-Wiefel 
2007). Yet there are reports indicating much 
higher mortality rates and a survival of not more 
than 25 % (Grijseels et al. 2011). 


Take Away 

Neonatal AKI is frequent with different dis- 
orders and a variable prognosis. Neonatal 
renal replacement therapy may be a chal- 
lenge in prematurely born neonates. 
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4 Chronic Renal Failure 


4.1 Definitions 

Loss of one kidney during life or being born with 
a single kidney may cause slight renal dysfunc- 
tion but, in general, does not lead to CRF even in 
late adulthood (Wikstad et al. 1988). CRF can be 
defined as a disease state with the loss of more 
than 50% of nephrons, persistently increased 
serum creatinine, and a decreased glomerular fil- 
tration rate (GFR). CRF implicates a relentless 
progression to ESRD without the possibility of 
cure. In the early stages, it is a silent disease 
defined by biochemical values. When GFR is 
reduced to 25 % of normal, and correspondingly 
the number of functioning nephrons to 12% of 
normal, clinical symptoms of uremia appear and 
dominate in ESRD. To improve the detection and 
the treatment of children with renal disorders, the 
term chronic kidney disease (CKD) was estab- 
lished (Hogg et al. 2003). Patients suffer from 
CKD if kidney damage —with or without a 
reduced GFR- is present for at least 3 months 
(not valid for neonatal CKD), characterized by 
abnormalities in the composition of the blood or 
urine, abnormalities on imaging tests, or lesions 
on renal biopsy. The normal values of creatinine, 
GFR, and the five stages of CKD according to 
GFR are shown in chapter “Normal Values”. The 
amount of albuminuria (classified Al to A3) is 
frequently taken as an additional parameter to the 
GFR stages for risk evaluation of CRF progres- 
sion (KDIGO 2013). 


4.2 Epidemiology 

Approximately one to three children aged up to 
18 years per million total population and year 
will enter ESRD, the figures being similar in 
Europe and North America. One large survey on 
CRF with 4666 patients shows that 33% of 
patients were 6 to 12 years of age and 19% less 
than 2 years of age (Seikaly et al. 2003). 
Obstructive uropathy was the most common 
diagnosis (23%), and 18% suffered from renal 
aplasia, dysplasia, or hypoplasia. Reflux nephrop- 
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athy (9%), focal segmental glomerulosclerosis 
(8%), and polycystic kidney disease (4%) were 
the next most frequent diagnoses. In general, 
nearly two-thirds of patients had a structural 
anomaly. A previous study had shown that 41 % 
had already had urological surgery. Urinary tract 
malformations and hypodysplasia dominated 
even more in patients aged less than 2 years, 
accounting for 67 % of cases (Fivush et al. 1998). 
The largest study from Europe showed similar 
results with somewhat different groups of diag- 
noses (Ardissino et al. 2003). Renal hypodyspla- 
sia, with or without urological malformations, 
accounted for 58 % of cases. Hypodysplasia with 
VUR was the most frequent single cause of child- 
hood CRF responsible for 26 % of cases. Almost 
70% of patients with CRF reached ESRD by 20 
years of age with an increasing number of patients 
with glomerular disorders and a decreasing num- 
ber of children with hypodysplasia as primary 
diagnosis. Age and GFR at presentation, the pri- 
mary disease, and factors like anemia, hypoalbu- 
minemia, blood pressure, and proteinuria 
influence the progression to ESRD (Seikaly et al. 
2003; Gonzales Celedon et al. 2007). Data for 
patients on dialysis or after renal transplantation 
are similar. Obstructive uropathy is less frequent 
and focal glomerulosclerosis more frequent (Neu 
et al. 2002). 


4.3 Pathophysiology 

Whatever the underlying disease (e.g., structural 
anomaly, glomerulopathy, hereditary nephropa- 
thy), there is a remarkably similar histological 
appearance of kidneys with progressive disease, 
suggesting a common final pathway. 
Glomerulosclerosis and tubulointerstitial fibrosis 
are the dominant features (El Nahas and Bello 
2005). Various changes seem to perpetuate a 
vicious cycle with permanent loss of nephrons 
and ESRD as the endpoint. Extensive nephron 
loss leads to glomerular hypertrophy (increase in 
cell size and number). Hyperperfusion and hyper- 
filtration are the consequence, and glomerular 
hypertension correlates best with glomeruloscle- 
rosis. Renal hemodynamics, the renin-angiotensin 
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system, and factors such as increased glomerular 
metabolism, mesangial macromolecular deposi- 
tion, local hypercoagulopathy, and hyperlipid- 
emia are of importance. Glomerular growth 
promoters like growth hormone, transforming 
growth factor-B, insulin-like growth factor-I, 
angiotensin I, or endothelin induce glomerular 
hypertrophy and mesangial matrix accumulation 
with glomerular sclerosis as a result. The indi- 
vidual genetic variability may be important as the 
deletion type of angiotensin-converting enzyme 
gene seems to be associated with a severe course 
of disorders like IgA nephropathy and congenital 
uropathies (Yong et al. 2006). Systemic hyper- 
tension, urinary tract infections, and unrecog- 
nized or postoperative urinary obstruction 
perpetuate the damage and enhance progression. 
Blocking the renin-angiotensin system has the 
potential for regression or modulation of glomer- 
ulosclerosis meaning that we can ameliorate the 
course of disease (Fogo 2006). Early diagnosis, 
prevention of infection, close postoperative fol- 
low-up, early administration of ACE inhibitors, 
and proper treatment of systemic hypertension 
seem to be of utmost importance. 


4.4 Diagnosis and Treatment 
Diagnosis of CRF is based on laboratory values 
such as serum creatinine, creatinine clearance, 
and calculation of the glomerular filtration rate 
shown in chapter “Normal Values”. Urinalysis 
may show proteinuria, hematuria, or urinary 
tract infection. Metabolic acidosis, hyperkale- 
mia, renal salt wasting, hypocalcemia, hyper- 
phosphatemia, and anemia are further typical 
laboratory features. Alkaline phosphatase and 
parathormone are needed to evaluate renal bone 
disease (renal osteodystrophy, ROD). Patients 
with as yet unrecognized CRF may present with 
a combination of polydipsia, polyuria, second- 
ary enuresis, vomiting, failure to thrive, short 
stature, systemic hypertension, cardiac failure, 
and eventually edema as a sign of volume over- 
load. Therapy of patients with known CRF is 
devoted to preventing such deleterious meta- 
bolic derangement. 
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Treatment intentions are to ameliorating the 
progressive course of disease, achieving meta- 
bolic control, and preventing extrarenal organ 
diseases. In addition, psychosocial care and plan- 
ning the future are of importance. Aggressive 
treatment of severe glomerulopathies with poor 
outcome such as focal segmental glomeruloscle- 
rosis and early administration of ACE inhibitors 
is mandatory. Blood pressure is best controlled 
by 24-h measurement, and an intensified blood 
pressure control with values below the 50th per- 
centile is optimal (Soergel et al. 1997; ESCAPE 
Trial Group 2009). Dietary measures include 
adequate caloric and fluid intake; protein is given 
according to the recommended daily allowances. 
Salt and potassium requirements depend on renal 
losses. Strict ROD therapy is mandatory to pre- 
venting disabling lesions. It includes dietary 
phosphate restriction, correction of acidosis, and 
administration of phosphate-binding agents and 
calcitriol. Serial determination of phosphate, cal- 
cium, acid-base status, alkaline phosphatase, and 
parathormone is needed (Klaus et al. 2006; 
Kemper and van Husen 2014). Administration of 
recombinant human growth hormone can amelio- 
rate growth retardation; correction of renal ane- 
mia is achieved by iron and erythropoietin 
(Warady and Silverstein 2014). Cardiovascular 
disease is the leading cause of death in children 
with CRF, and coronary artery calcification is 
common (Mitsnefes 2012). Adequate therapy can 
ameliorate severe long-term risk factors. 


4.5 Planning Dialysis 


and Transplantation 


Future perspectives must be addressed to families 
with a child in CRF. The child must be in good 
physical condition; ABO blood group and HLA 
system antigens must be known. All necessary 
vaccinations should be performed during CRF as 
life vaccines generally are not allowed after RTx. 
Screening for panel-reactive cytotoxic antibodies 
and repeated determinations of antibody status 
against cytomegalovirus, EBV, hepatitis, etc. are 
mandatory. Urological disorders frequently need 
nephrectomy or nephrecto-ureterectomy before 
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considering transplantation. Assessment of blad- 
der function is mandatory to prevent bladder 
problems after transplantation. Children with a 
small noncompliant bladder may need bladder 
augmentation, which can be performed before or 
after renal transplantation. An augmented blad- 
der is no contraindication for transplantation 
(Fontaine et al. 1998; Rigamonti et al. 2005). The 
preference of the family for peritoneal dialysis 
(PD) or hemodialysis (HD), for living-related 
donor transplantation or a deceased donor, and 
the option of a preemptive transplantation (before 
starting dialysis) must be weighed against medi- 
cal indications. According to the joint decision, 
vascular access for HD or placement of a PD 
catheter can be planned. The living-related donor 
must undergo extensive investigations to ensure 
that no undue risks are incurred by removal of 
one kidney. 


Take Away 

The time of CRF is an active treatment 
period preventing disabling organ lesions 
and prolonging the time to end-stage renal 
failure. 


5 Dialysis 


5.1 Basic Considerations 

If ESRD is reached (CKD 5), survival is possible 
with only blood purification, performed as PD or 
HD. It is the steady state from which transplanta- 
tion is planned and performed in most situations 
and to which patients return in the case of graft 
failure. PD or HD can only partially restore meta- 
bolic control. As in CRF, proper treatment of 
hypertension, acidosis, ROD, etc. is mandatory. 


5.2 Peritoneal Dialysis 

Peritoneal dialysis (PD) is the preferred treat- 
ment in children with ESRD. It is the treatment of 
choice for infants, and 82% of children below 
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5 years of age are on PD in contrast to 37% of 
children aged 10-18 years (Watson et al. 2013). 
A permanent PD catheter is placed surgically into 
the peritoneal cavity with the tip in the lower 
abdomen and a long subcutaneous tunnel. Solute 
clearance and removal of fluid (ultrafiltration) are 
achieved by changing the dialysate several times 
per day. PD solutions contain different concen- 
trations of glucose as the osmotic agent (Schmitt 
et al. 2011). PD can be performed at home during 
daytime (continuous ambulatory PD, CAPD) or 
machine-assisted during nighttime (automatic 
PD, APD, cyclic PD). Thus, a life in the normal 
surroundings of the family and regular school 
attendance for older children are possible. 
Advantages over hemodialysis are the continuous 
character of treatment with only slow changes in 
body composition, a relatively free diet and fluid 
supply, and a stable cardiovascular situation. PD 
prescription depends on age, body weight or 
body surface area, and the individual peritoneal 
membrane solute transport capacity. The latter is 
determined by a peritoneal equilibration test 
(PET) (Warady et al. 1996). Determination of 
creatinine clearance and weekly urea clearance 
(Kt/V) are of value to check adequacy of PD. 

PD complications can be divided into acute or 
chronic and infectious or noninfectious. Acute 
catheter dysfunction may be caused by malposi- 
tion. A too high intraperitoneal pressure may 
cause inguinal hernias, and herniotomy is fre- 
quently needed (Fischbach et al. 2003). Acute 
respiratory distress should raise suspicion of 
hydrothorax caused by thoracic leakage of peri- 
toneal fluid (Rose and Conley 1989). Infections 
of the exit site, the subcutaneous tunnel, and peri- 
tonitis are the most common infectious complica- 
tions. Treatment with intraperitoneal antibiotics 
is mandatory (Warady et al. 2012). The incidence 
of peritonitis is estimated to be one infection per 
13 treatment months. Recurrent peritonitis may 
lead to catheter removal. The peritoneal mem- 
brane is functionally stable even in children on 
long-term PD (Warady et al. 1999). However, 
peritoneal sclerosis can cause ultrafiltration fail- 
ure and intestinal obstruction. Frequent episodes 
of peritonitis partially contribute to this severe 
complication (Shroff et al. 2013). 
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5.3 Hemodialysis 

Hemodialysis is a safe and effective treatment 
for children with ESRD and is performed in 
43 % of children aged 10-18 years (Watson et al. 
2013). Technical refinements enable HD even in 
small children and infants (Rees 2013). In this 
age group, HD is mostly indicated if PD fails or 
is contraindicated. Vascular access is of utmost 
importance in pediatric HD. Central venous 
catheters are preferred in many centers (Neu 
et al. 2002). Arteriovenous fistulas are an alter- 
native with a lower rate of complications com- 
pared to central venous catheters, and sometimes 
with an improved metabolic control of the 
patient (Chand et al. 2005; Ramage et al. 2005), 
but the rapid access to renal transplantation may 
favor central venous catheters. HD is mostly per- 
formed three times per week for 4—6 h per ses- 
sion at the dialysis center. The extracorporeal 
circuit needs anticoagulation with heparin. 
Citrate anticoagulation for exclusive anticoagu- 
lation of the extracorporeal circuit is a valuable 
alternative (Fischbach et al. 2005). Like in PD, 
adequacy of HD is checked by creatinine clear- 
ance and weekly urea clearance (Kt/V). 


6 Renal Transplantation 


6.1 Basic Considerations 

Renal transplantation (RTx) is the treatment of 
choice for children with ESRD and absolute con- 
traindications are few. Patients with HIV disease, 
malignancies, preexisting metastatic disease, or 
children with devastating neurological disorders 
are mostly excluded. Organ-sharing organiza- 
tions exist for deceased donor Tx, and the alloca- 
tion criteria mostly give priority to children. 
There is evidence that giving pediatric donor kid- 
neys to pediatric recipients is the best allocation 
system, leading to a better prognosis of children 
with ESRD (Pape et al. 2007). Transplantation 
from a living-related donor is an alternative and 
may be performed preemptively (before starting 
dialysis), and preemptive registration is also 
accepted by most organizations for Tx. It is per- 
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formed in about 24% of situations in North 
America, may prevent dialysis-associated mor- 
bidity, and is at least as good as post-dialysis Tx 
(Cransberg et al. 2006). The graft is placed extra- 
peritoneally into a pelvic site. The vessels of the 
transplant are anastomosed with the iliac vessels 
or with the aorta and the inferior vena cava in 
small children. The ureter is connected to the 
bladder with an _ ureterocystoneostomy 
(Dharnidharka et al. 2014). Immunosuppressive 
therapy starts with Tx, and most centers use a 
combination of steroids, calcineurin inhibitor, 
and mycophenolate mofetil. Tacrolimus is the 
preferred calcineurin inhibitor as graft survival 
seems to be superior to cyclosporine A (Filler 
et al. 2005). New drugs or modifications of estab- 
lished treatment protocols are under investigation 
for initial and long-term therapy. 


6.2 Acute Problems 

Acute tubular necrosis (ATN), graft thrombosis, 
and hyperacute rejection (Rx) are of major con- 
cern. ATN is observed in 5.1 % of living-related 
Tx and in 15.6% of deceased donor transplants 
(NAPRTCS 2010). These patients require dialy- 
sis after Tx. Risk factors for ATN are a prolonged 
cold ischemia, frequent use of blood transfu- 
sions, and previous transplantations. Graft throm- 
bosis accounts for 9.6% of graft failure and is 
more common in young patients. It should be 
suspected in all cases with primary engraftment 
and sudden onset of oliguria during the first few 
days after operation. Hyperacute Rx invariably 
leads to loss of the graft, but is exceptional nowa- 
days. Tx biopsy is needed in prolonged graft dys- 
function. Severe bleeding around the transplant 
may be caused by anticoagulation or a leak of the 
vessel anastomoses. Urinary tract obstruction 
may be the consequence of ureteral kinking, ste- 
nosis of ureteral implantation, ureteral necrosis, 
or large lymphoceles. It is important to note that 
severe urinary obstruction may present with just 
minimal or moderate renal pelvic dilatation due 
to a diminished urinary flow. In addition, these 
situations are painless as the transplant and the 
ureter have no nerves. 
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6.3 Regular Follow-Up 

After discharge from hospital, regular visits to 
the outpatient clinic are necessary. 
Anthropometric data and the health status are 
checked. Fluid intake, urine output, and blood 
pressure are recorded at home. Laboratory 
investigations include urinalysis, serum creati- 
nine, blood levels of immunosuppressive 
agents, the antibody status of EBV and cyto- 
megalovirus activity, etc. The dosage of immu- 
nosuppressive drugs must be checked and 
adjusted frequently to avoid the nephrotoxicity 
of overdosage and the danger for rejection with 
underdosage. 


6.4 Acute Rejection 

Various immunological processes are involved 
in acute rejection. 45.6% of transplants will 
have at least one rejection (40.9% in living 
donation and 50.6 % in deceased donation). The 
number of acute rejections has dramatically 
improved, and just 13.2 % had rejection in the 
years 2007-2010 compared to 31.9% in the 
years 1999-2002 (NAPRTCS 2010). Clinical 
symptoms such as graft tenderness and fever are 
exceptional nowadays. Typical signs are a 
decrease in urine flow, a rise in serum creati- 
nine, and high blood pressure. Differential diag- 
nosis includes urinary tract obstruction or 
vascular complications; a transplant biopsy is 
necessary for definite diagnosis. The type and 
severity of rejection is classified histologically 
according to the Banff criteria (Solez and 
Racusen 2012). As a rule, methylprednisolone 
pulses are the initial treatment, but this clearly 
depends on the rejection type. In general, more 
than 50% of rejections are completely revers- 
ible and only 6 % lead to graft failure. 


6.5 Infections 

As a result of immunosuppression, patients are 
prone to viral and bacterial infections. This is an 
increasing problem and hospital admissions for 
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infections nowadays exceed admissions for 
acute rejection. A problematic virus emerging in 
the last decade is polyoma BK virus (BKV). 
BKV allograft nephropathy affects 2-8 % of 
grafts and leads to early graft loss in 50% of 
patients, and there is no specific treatment 
(Acott 2006). Cytomegalovirus infection is a 
serious complication with a high risk to the 
patient and the transplant. EBV infections are 
related to the development of posttransplant 
lymphoproliferative disease. Pneumocystis 
carinii pneumonia occurs in 3 % of Tx patients. 
These patients may present acutely with short- 
ness of breath and hypoxemia. Immediate ther- 
apy with high-dose cotrimoxazole is frequently 
effective. 

Approximately 50% of Tx patients have uri- 
nary tract infections. Symptomatic infections are 
found predominantly during the first 3 months 
after transplantation. Patients with preexisting 
urological disorders may have recurrent infec- 
tions, and kidney transplants seem to be prone to 
scarring in the case of vesicoureteric reflux 
(Coulthard and Keir 2006). 


6.6 Posttransplant 
Lymphoproliferative Disorder 
Posttransplant lymphoproliferative disorder 


(PTLD) is a serious complication after solid 
organ transplantation, being related to chronic 
immunosuppression. The percentage of chil- 
dren with PTLD is increasing and has to be 
seen in the context of previous EBV infection 
(Mynarek et al. 2013). Approximately 94 % of 
PTLD are non-Hodgkin lymphomas. Clinical 
presentation mostly is not specific and almost 
every organ including the graft can be affected. 
Reduction or modification of immunosuppres- 
sion like switching to mTOR inhibitors like 
everolimus is mandatory. Treatment with ritux- 
imab, an anti-CD20 monoclonal antibody, dra- 
matically could improve the outcome of 
PTLD. Chemotherapy or radiation is rarely 
needed, and aside from serologic parameters, 
imaging has a key role in detecting and long- 
term monitoring of PTLD (Scarsbrook et al. 
2005; Burney et al. 2006). 
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6.7 Prognosis 

The early outcome after renal Tx improves 
every year. Better care for the patients during 
CRF and ESRD makes them better candidates 
for Tx. Improvement of the immunosuppressive 
regimen and introduction of new drugs eventu- 
ally will allow a more individual approach. 
Rehabilitation is optimal, and more than 90 % of 
patients survive 5 years after Tx. According to 
the 2010 NAPRTCS report, graft survival rates 
after 5 years improved to 84.3 % in living dona- 
tion and to 78.0% in deceased donation for the 
years 2003-2010. The rates of chronic kidney 
loss are unchanged during the last decade and 
are a cause of major concern. Chronic allograft 
nephropathy (CAN) is the main cause of kidney 
loss and is histologically characterized by tubu- 
lar atrophy and interstitial fibrosis with glomer- 
ulopathy and vascular lesions in addition 
(Alexander et al. 2007). Many immunological 
and non-immunological factors influence 
the risk and the rapidity of progression 
of CAN. Major factors are acute rejections, 
subclinical rejections, viral infections, nephro- 
toxicity of CI, and noncompliance with immu- 
nosuppression. Protocol biopsies may be helpful 
to clarify main causes of CAN in the individual 
patient with hopefully new treatment strategies 
to reduce the incidence of CAN. In addition, 
long-term problems such as cardiovascular dis- 
ease must be addressed early (Oh et al. 2002; 
Parekh and Gidding 2005). The child and the 
family need the lifelong support of a multidisci- 
plinary team to optimize therapy. 


Take Away 

Dialysis is the steady state for children with 
ESRD, and outcome after RTx is excellent 
despite various imminent problems. 


Conclusion 


Various renal and systemic disorders may 
cause AKI, frequently being reversible but 
also leading to CKD. Neonatal AKI may be 
a challenge with a high mortality in special 
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groups of prematures. Chronic kidney dis- 
ease is an active treatment time. A prefera- 
bly short time on dialysis and a successful 
RTx are warranted. For ESRD, dialysis and 
preferably RTx are the only long-term 
options, with a better long-term outcome of 
RTx after introduction of new immunosup- 
pressive drugs and follow-up regimens. 
Imaging plays an irreplaceable role during 
all stages of AKI as discussed in this chap- 
ter — from initial diagnosis of AKI up to 
long-term surveillance including prepara- 
tion and following RTx. 
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Nowadays, maternal-fetal sonography is able to 
diagnose most congenital abnormalities of the 
lower urinary tract (Eurin et al. 1999). Production 
of urine begins around the tenth week of gestation 
when the bladder becomes theoretically visible 
(McHugo J 2001). By 12 weeks of gestation a 
normal bladder is visible in the fetal abdomen in 
87 % of cases and should be seen in all during the 
second trimester (Clayton and Brock 2012). Its 
identification can be facilitated by color Doppler 
encoding of blood flow in the umbilical arteries 
present alongside. Later during pregnancy, the 
bladder should be examined on several occasions 
during fetal sonography to ensure that the bladder 
fills and empties; cycles last 30-45 min (Patten 
et al. 1990). The normal ureters are not usually 
visible. The normal bladder appears as a thin- 
walled fluid-filled cavity. Any bladder abnormal- 
ity (size, wall thickening) should lead to an 
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Fig. 1 (a) AP radiograph of the pelvic cavity showing widening of the pubic symphysis in an infant girl with vesical 
exstrophy. (b) Similar appearances in an older child—note the associated dysplastic appearances in the right hip 


intense analysis of the kidneys (calyces, pelvis, 
and parenchyma), fetal gender, volume of amni- 
otic fluid, and the fetal lungs. 


1.1 Absence of Normal Bladder 

The absence of any visible bladder should alert 
for an abnormality on the exstrophy-epispadias 
complex. This is a spectrum with epispadias 
being the mildest manifestation followed by 
classic bladder exstrophy (intermediate) and 
cloacal exstrophy (most severe manifestation 
on the spectrum). The bladder is normally still 
identified in epispadias. In the two more severe 
malformations, there is an open defect of the 
abdominal or perineal wall. Classic bladder 
exstrophy and cloacal exstrophy can also pres- 
ent with an omphalocele (Grignon and Dubois 
1999). The spectrum of abnormalities normally 
involves the bladder, abdominal wall, pelvic 
floor, and bony pelvis (Tekes et al. 2013). 
Widening of the distance between the pubic 
bone echoes can be shown by prenatal ultra- 
sound (US) (see also chapter “Epispadias- 
Exstrophy Complex’). This finding, also 
appreciated on plain film post delivery, can 
also be seen in epispadias (Fig. 1). Postnatal 


abdominal and pelvic MRI may be helpful for 
decision-making and surgery planning in 
assessing all the anatomical structures involved 
in the epispadias-exstrophy complex, if plain 
film and US cannot answer all relevant 
questions. 

Cloacal malformation exclusively occurs in 
the female phenotype and should not be con- 
fused with cloacal exstrophy (see above and 
chapter “Urinary Problems Associated with 
Imperforate Anus”) (Lebowitz 1997). A cloa- 
cal malformation represents the most severe 
degree of an imperforate anus on the anorectal 
malformation complex spectrum (Hendren 
1998). Prenatal diagnosis is difficult because a 
septated fluid-filled cavity can be mistaken for 
a normal bladder. However, echogenic debris 
can substantiate such a suspected diagnosis 
because it has been shown to result from a mix- 
ture of urine and meconium (Bear and Gilsanz 
1981). At birth, there is only one perineal 
opening, and communication between the ure- 
thra, the vagina, and the rectum is seen. 
Widening of the pubic bones may also be asso- 
ciated to the cloacal malformation as well as 
many other associated malformations (involv- 
ing the axial skeleton, spinal cord, heart, and 
urinary tract). The prognosis of this severe 
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malformation improved dramatically with the 
contribution of Hardy Hendren who developed 
novel surgical techniques to deal with these 
complex anomalies (Miller 1993). 


1.2 Megacystis 

Megacystis (which has differing criteria depen- 
dent on the trimester) has been described as a 
physiological finding in two scenarios. Firstly, 
transient megacystis has been reported during 
the first trimester of pregnancy (Sebire et al. 
1996). Secondly, megacystis can be observed 
in normal female fetuses by the end of 
pregnancy (Eurin et al. 1999). Establishing a 
physiological cause requires the presence of 
normal kidneys, nondilated upper tracts, and 
the visualization of normal fetal micturition. In 
female fetuses, megacystis should not be con- 
fused with a distended vagina due to an imper- 
forate hymen or the presence of a duplicated 
uterus. 

Transient megacystis may be a sign of 
obstruction and/or vesicoureteric reflux (VUR). 
In boys, it could be the consequence of transient 
bladder outlet obstruction and the starting point 
of a series of abnormalities. Notably, it could 
explain the male predominance in neonatal 
VUR. This hypothesis was raised after the 
observation of children presenting with VUR, a 
dilated posterior urethra, and no posterior ure- 
thral valves (PUV) (Avni et al. 1992; Avni and 
Schulman 1996) (see also chapter 
“Vesicoureteric Reflux”). Another hypothesis 
has come from experimental surgery. Premature 
urachal closure could induce hydroureterone- 
phrosis in male fetuses (Gobet et al. 1998). Such 
a transient obstruction has also been suspected 
as being responsible for the prune-belly syn- 
drome which associates megacystis, ureterohy- 
dronephrosis, undescended testis, and 
hypoplasia of muscles of the abdominal wall 
(Pagon et al. 1979) (see chapter “Imaging in 
Prune Belly Syndrome and Other Syndromes 
Affecting the Urogenital Tract”). 
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Table 1 Prenatal diagnosis of megacystis 


Pathology | Physiology (see text) 


| Transient megacystis 
| 10-14 weeks) 


Lower urinary tract 
obstruction 


Posterior urethral valves 


| Isolated megacystis by l 
| the end of pregnancy 
[in girls 


Urethral atresia (mostly 
fatal) 


Prolapsed ectopic 
ureterocele 


Vesicoureteric reflux 
(Megacystis-megaureter 
association in high-grade 
reflux) 

Megacystis microcolon 
intestinal 

Hypoperistalsis syndrome 
(MMIHS) 


Neurologic disorders 


Prune-belly syndrome | 
Caudal regression syndrome | 


Anorectal anomalies and 
cloaca 


The differential diagnosis for megacystis 
includes other pathological conditions (Abbott 
et al. 1998; Fievet et al. 2014), and postnatal 
radiological investigations are still useful to 
assess the anatomy of the lower urinary tract 
(Table 1). When assessing fetal megacystis, the 
gestational age at diagnosis is helpful in strati- 
fying the potential cause. The most common 
diagnosis for megacystis diagnosed in the first 
6 months of gestation is bladder outflow 
obstruction, topped by posterior urethral 
valves. Beyond the 6 months of gestation, the 
most common cause for megacystis is VUR 
(Fievet et al. 2014). 


1.3 Management Concepts 


and Options Available 


Many factors have to be taken into account in 
the management of megacystis diagnosed ante- 
natally. In the cases caused by severe obstruc- 
tion, poor outcome factors include early 
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diagnosis, oligohydramnios, lung hypoplasia, 
sonographic signs of renal dysplasia, the pres- 
ence of any other fetal malformation, elevated 
urinary sodium, and urinary beta,-microglobu- 
lin. Assessment for other anomalies and karyo- 
typing should be done first and, if normal, serial 
urinary testing for electrolytes and protein pro- 
files. Fetal intervention is offered in specialized 
centers in cases of confirmed severe lower uri- 
nary tract obstruction, the absence of other 
anomalies, normal karyotyping, and favorable 
urinary analysis. Intervention can involve fetal 
cystoscopy (and laser fulguration for posterior 
urethral valves) and/or the insertion of a vesico- 
amniotic shunt. Alternatives to therapeutic 
intervention include expectant pregnancy man- 
agement or termination (depending on local leg- 
islation) (Ruano et al. 2014). 


Take Away 

Bladder examination is part of any 
maternal-fetal sonography. An abnormality 
can reveal either transient or constituted 
obstruction of the lower urinary tract 
requiring intense monitoring and further 
assessment. 


2 Posterior Urethral Valves 


Posterior urethral valves (PUV) consist of abnor- 
mal mucosal folds between the urethral wall and 
the distal end of the verumontanum. The classifi- 
cation established by Young at the beginning of 
the twentieth century appears questionable from 
an endoscopic perspective (Dewan et al. 1992). 
Young had identified three types of valves. Type I 
was described as a bicuspid valve radiating dis- 
tally from the posterior edge of the verumontanum 
to the anterior aspect of the proximal membranous 
urethra. Type I valves are by far the most frequent, 
representing 95% of all cases. Type III posterior 
urethral valves are more circumferential (dia- 
phragm-like) and have been thought to be a rem- 
nant of the urogenital membrane. 


S. Stafrace et al. 


Young type II valves were first described as 
“mucosal folds extending cranially from the ver- 
umontanum to the bladder neck” (Dewan et al. 
1992); they could be a different disease and the 
consequence of dysfunctional voiding with 
bladder-sphincter dyscoordination. 

Membranous obstruction is more likely than the 
“valvular mechanism” that gave its name to the 
malformation (Dewan and Goh 1995). This concept 
is referred to as congenital obstructive posterior ure- 
thral membrane (COPUM). As a matter of fact, 
most children seem to present with the same mem- 
branous abnormality more or less modified by the 
passage of indwelling catheters or a Whitaker dia- 
thermy hook (Whitaker and Sherwood 1986). 

On endoscopy, valves are described as a mem- 
branous obstruction with a posterior pinhole orifice 
adjacent to the verumontanum. Disposition of 
valves is oblique, the distal attachment being ante- 
rior. Valves usually balloon distally so that they can 
traverse the external sphincter (see also Chap. 15). 

There is great variability in clinical presentation. 
The most obstructive forms are usually detected by 
prenatal US, and the child’s management starts 
before or at birth. Less severe forms can be detected 
during early infancy or even during later childhood. 
Renal consequences are extremely variable—from 
no alteration in forms revealed in older children to 
severe renal impairment and bladder dysfunction in 
infantile/neonatal cases. 


2.1 Posterior Urethral Valves 
in Neonates: Imaging 


and Follow-Up 


Management of fetuses and neonates with prena- 
tal diagnosis of PUV should be performed in a 
fetal medicine and pediatric surgery/urology ref- 
erence center. In each new case, the great 
variability of presentation makes different spe- 
cialists’ participation necessary in the difficult 
decision-making process (Fig. 2). Fetal special- 
ists, surgeons, neonatologists, nephrologists or 
urologists, and radiologists should be involved in 
the discussions before birth. The quality of 
management is frequently improved when the 
surgeon/urologist and the nephrologist can 
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Fig. 2 Antenatal US images of PUV with postnatal 
MCUG in two separate cases. (a) Sagittal US image of the 
fetal bladder and urethra during micturition; the dilated 
posterior urethra is seen accompanied by bladder and 
bladder neck hypertrophy (arrow). (b) Sagittal selected 
image during MCUG. Appearances on US are confirmed 


explain the principles of postnatal treatment and 
perspectives to the parents during pregnancy. In 
order to plan postnatal management, prenatal 
findings including images, US measurements, 
and biological findings should be communicated 
to the pediatric radiologist. 

After birth, radiological evaluation is rou- 
tinely performed during the first 24 h of life. 
Prenatal US findings are confirmed, and precise 
assessment is facilitated by usage of a high- 
frequency transducer and perineal scans. The 
huge bladder with a thickened and trabeculated 
wall and the dilated posterior urethra are shown 
and measured. Bilateral dilatation fo teh ureters 
and the pelvicaliceal system are frequent. 
Analysis of the renal parenchyma (echogenicity, 
cysts, thickness) is important even if US cannot 
quantify renal function (Fig. 3). Renal dysplasia 


on the MCUG obtained soon after birth. (Note also the 
significant associate VUR) (c) Similar case with dilated 
posterior urethra demonstrated on the sagittal prenatal US 
during micturition. (d) Reciprocal sagittal MCUG 
obtained soon after birth with correlation of the expected 
findings. Both cases above had confirmed PUV 


seems to depend on the timing in gestation and 
the presence of individual factors such as VUR or 
urinoma (Blane et al. 1994; Peters et al. 1992). 

Perirenal urinoma (ascites or even hydrotho- 
rax) may be present (Fig. 4). Such fluid collec- 
tions are the consequence of the rupture of 
calyceal fornices due to increased pressure. This 
has been described as the “pop-off’ mechanism 
(Rittenberg et al. 1988). However, the presence 
or absence of urinoma does not clearly correlate 
with renal function impairment. 

At birth, a voiding cystourethrogram (VCUG) is 
performed either through a feeding tube or more 
commonly after suprapubic puncture (Fig. 5). 
Aspiration of any stagnant urine is first performed. 
All precautions must be taken to ensure sterility 
given the increased risk of post-procedural infection 
(Dacher et al. 1992). Infection could be life threat- 
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Fig. 3 Cystic dysplastic appearance of the kidneys in a 
case of posterior urethral valves. The left kidney demon- 
strates loss of corticomedullary differentiation, irregularity 
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of the outline, and numerous cysts. (a) At birth when the 
kidneys also appeared enlarged. (b) At 6 months of age, 
the kidneys are now small and the cysts still discernable 


Fig. 4 Prenatal sonography in a 22-week gestational age 
male fetus. (a) Megacystis with dilated posterior urethra. 
Moderately dilated left kidney (not shown). (b) Huge dila- 


ening for the baby and devastating for the already 
challenged renal function. Retrograde opacifica- 
tion is technically possible since valves produce 
only one-way obstruction. However, it can be dif- 
ficult to pass through the bladder neck due to the 
dilated posterior urethra, which can retain the tip of 
the tube. Retrograde catheterization yields a higher 
risk of infection, and it could probably modify the 
endoscopic appraisal of the anatomy. 

When the initial study is performed percuta- 
neously, leakage into the prevesical space can 
occur. This should not interrupt the examination 
since it resolves spontaneously. The bladder 
appears thick-walled with marked sacculations 
and trabeculations. Diverticula may be present. 

VUR (often only unilateral) is a frequent find- 
ing (Fig. 6). Oblique views can be taken to ana- 
lyze the lower segment of the refluxing ureter. 
Delayed films should be taken to analyze reflux 
clearance and to grade the obstructive component. 
Voiding time is often long and patience is required 


tation of the right kidney with perirenal urinoma (Courtesy 
of D. Eurin) 


when performing these studies. This is, however, 
an essential diagnostic step since it shows the dis- 
crepancy between the anterior and posterior seg- 
ments of the urethra with a posteriorly located 
orifice. In classical descriptions, VCUG demon- 
strates the “sail in the wind” sign in Young type I 
posterior urethral valves and the “wind in sock” 
sign in Young type III posterior urethral valves 
(Figs. 5 and 7). Again, these different patterns are 
more likely to be the consequence of endourethral 
procedures rather than different diseases. 

The main differential diagnosis is the 
megacystis-megaureter association, which is due 
to massive VUR and the phenomenon of aberrant 
micturition. (Willi and Lebowitz 1979; Reuter 
and Lebowitz 1985). Prenatal diagnosis is rela- 
tively straightforward in female fetuses, but more 
subtle in males (in the absence of a dilated pos- 
terior urethra). Prune-belly syndrome is another 
important consideration with similar dynamics 
but more extensive multisystemic pathological 
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Fig. 5 Suprapubic micturating cystourethrography in a 
neonate with posterior urethral valves. A high-capacity 
heavily trabeculated bladder was opacified. Distended 
posterior urethra. Valves are ballooned by contrast 
medium (“sail in the wind” sign) 


Fig. 6 Suprapubic voiding cystourethrography (VCUG) 
in a neonate with posterior urethral valves (PUV). Contrast 
reflux into the seminal vesicles. High-grade left VUR into 
a very dilated upper urinary tract. Note intrarenal reflux 


Fig. 7 VCUG through a suprapubic catheter in a neonate with PUV. AP (a) and lateral (b) projections. PUV with 
change in caliber in the posterior urethra, trabeculated bladder, and gross VUR into tortuous dilated left ureter 


associations (Fig. 8). In prune-belly syndrome, the 
bladder is often three to four times the expected 
size with dilated bilateral refluxing elongated ure- 
ters. Urachal anomalies are common. The bladder 
neck is wide and an associated utricle is often seen. 
The detrusor musculature is thickened. There is 
commonly renal dysplasia further affecting renal 
function. Other characteristic anomalies include 


the absence or deficiency of the abdominal wall 
musculature, cryptorchidism (in boys who repre- 
sent 95 % of the cases), gastrointestinal, cardiac, 
and orthopedic abnormalities (Zugor et al. 2012). 
Alternative diagnosis could include a neuropathic 
cause with dysfunctional voiding. Appearances 
can be very similar to PUV and presentation is 
typically in the neonate (Fig. 9). 
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Fig.8 VCUG in a neonate with diagnosis of prune-belly 
syndrome. (a) AP view. The bladder is enlarged (mega- 
cystis) with bilateral dilated tortuous ureters. There is 
malrotation of the kidneys with gross right intrarenal 


Fig.9 Ultrasound and VCUG in a neonate with suspected 
PUV. (a) Transverse US image of the thickened bladder. 
(b) Lateral projection from VCUG study. This demon- 
strates clear change in caliber in the posterior urethra with 
some trabeculations of the bladder. The initial diagnosis 


After VCUG, iodinated contrast medium 
is aspirated, and the bladder is slowly drained 
by the catheter. Fulguration of the valves is 
performed during the following hours or days. 
Because the bladder catheter cannot be left inside 
the bladder for an extended period, and because 
there is severe alteration of the bladder contractil- 
ity, renal diversion is frequently required during 
the first few months of life, particularly if there is 
a significant upper obstruction component at the 
ureterovesical junction or the pelvi-ureteric junc- 
tion (bilateral nephrostomy or ureterostomy). 
Imaging follow-up is based on US, nuclear medi- 
cine studies, MR urography, and contrast studies 
as required based on the individual findings. 


reflux. (b) Lateral projection. A large urachal remnant is 
present (white arrows). The bladder neck is widened 
(black arrow), and the posterior urethra demonstrates a 
prominent utricle posterior to the dilated bladder neck 


was PUV. However, cystoscopy did not identify any ana- 
tomical abnormality in the posterior urethra. The lower 
sacral elements are missing (difficult diagnosis on a 
VCUG) with the abnormality presumed to be neurological 
(see also Fig. 11) 


Continence is often a problem in children and 
adolescents with a history of an obstructive 
PUV. Urodynamic studies are sometimes helpful to 
evaluate vesical and sphincteral function. Growth of 
the prostate gland during puberty often yields tran- 
sient or definite improvement (Pfister et al. 1996). 

In spite of extensive and precocious surgical 
treatment following prenatal diagnosis, many 
patients with a perinatal history of PUV have 
subsequent deterioration of their renal function. 
Usually, if renal function quickly improves 
immediately after relief of the anatomical 
obstruction, then deterioration will only develop 
slowly over the years sometimes only after 
puberty (Drozdz et al. 1998; Pereira et al. ). 
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End-stage renal disease occurs in most patients 
with a history of severe obstruction during the 
first 20 years of life. 


2.2 Diagnosis of Posterior 


Urethral Valves in Older Boys 


The clinical presentation is completely different 
in older children. The main complaint is usu- 
ally dysuria or urinary tract infection (Fig. 10). 


Fig. 10 A 6-year-old boy with dysuria and sensation of 
incomplete voiding. No prenatal history. No history of 
urinary tract infection. VCUG shows moderately obstruc- 
tive PUV (straight arrow). Fulguration was performed 
with success. Note the imprinting of the external sphincter 
(curved arrow) 
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Megacystis and thickening of the bladder wall are 
less frequent. The kidneys are usually normal, as 
is the measured renal function. The differential 
diagnosis should include the other causes of 
bladder outlet obstruction and functional disor- 
ders such as dysfunctional voiding with severe 
bladder-sphincter dyscoordination (Fig. 11) (see 
chapters ‘“Non-neurogenic Bladder-Sphincter 
Dysfunction (“Voiding Dysfunction”)? and 
“Neurogenic Bladder in Infants and Children”). 
Both VCUG and urodynamic studies can be diag- 
nostic; US may sometimes show indirect findings. 

There is a broad spectrum in PUV. It should be 
remembered that some boys may have marked 
folds with no obstruction at all (Dewan and Goh 
1995). This frequent radiological or endoscopic 
finding should be correlated with clinical com- 
plaints in order to ensure proper management of 
patients. 


Take Away 

Optimal neonatal management of boys 
with a prenatal diagnosis of PUV necessi- 
tates excellent cooperation among fetal 
specialists, obstetricians, neonatologists, 
surgeons/urologists, nephrologists, and 
radiologists. Early and comprehensive 
imaging by US and VCUG is essential. 
Unfortunately, end-stage renal disease is 
still a frequent outcome. 


Fig. 11 (a) VCUG in a 7-year-old boy with dysuria 
showing extrinsic compression of the urethra due to 
abnormal sphincter contraction during micturition. This 
functional anomaly should not be mistaken for a 
PUV. Urodynamic studies favor dysfunctional voiding 


with bladder-sphincter dyscoordination during voiding. 
Biofeedback physiotherapy was carried out. Clinical out- 
come was favorable. (b) Follow-up VCUG shows normal- 
ization of urethral anatomy during micturition 
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3 Other Causes of Bladder 
Outlet Obstruction 

3.1 Urethral Polyp 

Extremely rare in childhood, the urethral polyp 
is usually solitary and consists of a peduncu- 
lated structure, originating from the posterior 
urethra, developing in the bladder neck, which 
can prolapse in the urethra during micturi- 
tion (Foster and Garrett 1986). The abnormal- 
ity can present with hematuria, nonneurogenic 
bladder-sphincter dysfunction, or urinary tract 
infection. On US it appears as an echogenic 
area. The main differential diagnosis of a ure- 
thral polyp is an ectopic ureterocele that has rup- 
tured either spontaneously or after endoscopic 
incision (Fig. 12). VCUG is helpful, showing 
a mobile filling defect in the projection of the 
base of the bladder. Bladder trabeculations and 
diverticula can be associated. Surgical removal is 
the treatment of choice. An association has been 
described with hepatoblastoma in the Beckwith- 
Wiedemann syndrome (Bockrath et al. 1982). 


3.2 Ureterocele Prolapse 

An ectopic ureterocele typically develops at the 
lower end of the upper pole ureter of a duplicated 
kidney (see also Chap. 15). It is a cyst-like thin- 
walled structure that is known to be mobile and 
variable in shape. During fetal or later life, the ure- 
terocele can prolapse into the posterior urethra and 


create obstruction. Usually the respective ureter is 
dilated; bilateral dilated urinary tract and mega- 
cystis can subsequently develop. Clinical diagno- 
sis can be made at birth in girls with a perineal 
soft tissue mass, megacystis, and bilateral urinary 
tract obstruction. US diagnosis can be difficult 
when the ectopic ureterocele has spontaneously 
ruptured or with poor hydration or reduced renal 
function within insufficient urine production to fill 
and distend the urethrocele. In this case, the differ- 
ential diagnosis with a urethral polyp is challeng- 
ing (see above). The phenomenon has also been 
described in boys with a single ureterocele (Diard 
et al. 1981). 


3.3 Cobb’s Collar, Urethral 
Diverticula, and Cowper's 


Gland Cysts 


Cobb’s collar is a congenital narrowing of the 
bulbar urethra with no connection to the 
verumontanum (Cobb et al. 1968; Dewan et al. 
1994). This entity is frequently associated with 
tubular or cystic dilatation of Cowper’s gland 
ducts (also called syringocele) (Dewan 1996). 
Both structures arise embryologically from the 
urogenital membrane area. 

In most cases, narrowing of the bulbar urethra 
with or without retrograde opacification of 
Cowper’s gland ducts has no pathological signifi- 
cance (Beluffi et al. 2006) (Fig. 13). However, 
retention cysts may occur and induce urinary 
flow obstruction. Fetal infravesical obstruction 


Fig. 12 A 5-year-old girl with a left ureterocele (arrows). (a) Transverse US image demonstrating the thin-walled 
ureterocele indenting the left aspect of the bladder base. (b) Corresponding coronal T2 MRI image 


Abnormalities of the Lower Urinary Tract and Urachus 


may complicate Cowper’s gland cysts as well 
(Dhillon et al. 1993). Urethral diverticulum can 
be either acquired or congenital (Fig. 14). 
Congenital diverticula can be found anywhere in 
the urethra, but largely predominate on the ven- 
tral surface of the penile urethra (Rimon et al. 
1992). It is hypothesized that anterior urethral 
valves and diverticula could be the consequence 
of a ruptured Cowper’s gland cyst (McLellan 
et al. 2004). 

Secondary urethral diverticula seem to be 
more frequent than a primary etiology. These can 
be related to previous trauma from catheteriza- 
tion (in patients with neurogenic bladder), 
previous surgery (e.g., in cases of anorectal 
malformation), or to periurethral infection 
(bacterial or parasitic). A stone may develop in 
any kind of urethral diverticulum. 


3.4 Tumor 

Rhabdomyosarcoma is the most frequent malig- 
nant tumor of the lower urinary tract (Bisset et al. 
1991). Peak incidence is during the first 3 years of 
life, and cases have been reported in neonates. The 
bladder, the prostate gland, and the vagina are the 
most commonly involved sites. Urinary frequency, 
hematuria, a palpable abdominal mass, fever, and 
constipation may all be the presenting symptoms 
of the disease. Passage of the tumor is most com- 
mon in vaginal lesions. The site of origin is often 


Fig. 14 VCUG in a 7-year-old boy with history of dys- 
uria; no history of trauma. During micturition, a distended 
posterior urethra was identified as well as a diverticulum 
associated with stenosis 


difficult to detect, and conclusions should not be 
based on ultrasound findings alone. 

Imaging helps determine the extent of the 
lesion. Ultrasound usually shows an irregular 
polypoid mass (grape-like) infiltrating the base 
of the bladder (Fig. 15). Thickening of the blad- 
der wall can be associated, as well as dilatation 
of one or both ureters. A periurethral tumor 
causing lower obstruction may also be depicted 
by US particularly when using a perineal 
approach. On VCUG, an irregular filling defect 
of the base of the bladder is shown, and the floor 
of the bladder appears elevated. There may be 


Fig. 15 Rhabdomyosarcoma of the bladder. (a) 
Longitudinal image of the bladder demonstrating an intra- 
luminal lobulated polypoid mass (arrows) arising from 
the dorsal superior wall. (b) Transverse axial T1 image 


irregular thinning of the posterior urethra in 
boys. Residual urine is frequent. Nowadays, the 
reference imaging modality is multiplanar MRI 
with fat-suppression sequences and gadolinium 
enhancement. 


Take Away 

The combination of US, VCUG, and cystos- 
copy helps establish a proper differential 
diagnosis among the causes of congenital or 
acquired bladder outlet obstruction. 


4 Other Urethral Congenital 
Abnormalities 


A great variety of urethral abnormalities may be 
found, most of them in boys. Evaluation is based 
on VCUG or retrograde urethrography 
(Riccabona et al. 2015). Cystourethroscopy is 
often useful to confirm findings. Normal variants 
should be kept in mind in order to avoid misinter- 
pretation. For example, compression of the pen- 
dulous urethra by a nonopaque urinal and 
proximal dilatation is a frequent misinterpreta- 
tion (Rink and Mitchell 1990). 
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of the same solid lesion (arrows). The lesion was dem- 
onstrated to represent a rhabdomyosarcoma on biopsy 
(Courtesy of Dr. Gurdeep S Mann; Alder Hey Children’s 
Hospital, Liverpool, UK) 


Hypospadias is a frequent anomaly of the 
urinary meatus that can be associated with 
significant stenosis and dilatation of the male 
urethra. Though possible in most cases, cath- 
eterization of the urethra can be difficult and 
painful. In general, however, particularly low- 
grade hypospadias does not require extensive 
imaging; if at all, a US of the urinary tract will 
suffice except for postoperative complications 
such as strictures. 

Epispadias is part of the heterogeneous 
exstrophy-epispadias complex (see chapter 
“Epispadias-Exstrophy Complex’’). It may occur 
in males and females. Widening of the pubic 
symphysis is usually associated (see above). 
Continence is variable in these patients, so imag- 
ing and urodynamic studies should be directed 
toward this issue and the detection of associated 
anomalies. 

Duplication of the bulbous urethra is extremely 
rare. It may be complete or blind-ended, ventral 
or dorsal (Barbagli et al. 1996) (Fig. 16). 

Finally, megalourethra is an enlargement of 
the pendulous urethra with no evidence of distal 
obstruction (Stephens and Fortune 1993). It could 
be the consequence of late canalization of the 
epithelial core in the glans. It may also be a part 
of the prune-belly syndrome. 
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Fig. 16 MCUG demonstrating near-complete duplica- 
tion of the urethra (white arrows). A bladder diverticulum 
is also noted arising from the right side of the bladder base 
(black arrow) (Courtesy of Dr. Gurdeep S Mann; Alder 
Hey Children’s Hospital, Liverpool, UK) 


Take Away 

Diagnosis of urethral congenital abnormal- 
ities is based on clinical examination, the 
voiding phase of the VCUG study, retro- 
grade urethrography, perineal (ce-)US dur- 
ing voiding, and cystoscopy. 


5 Bladder Diverticula 


A bladder diverticulum consists of herniation of 
the vesical mucosa through a defect in the muscu- 
lar wall of the bladder. This entity was first 
described in paraplegic patients with neurogenic 
bladder. In rare cases, a dilated upper urinary tract 
has been described in association with bladder 
diverticula associated with compression or distur- 
bance of ureteric emptying (Lebowitz 1997). 
More commonly, (paraostial) diverticula are asso- 
ciated with ipsilateral VUR. There is an associa- 
tion with the absence of spontaneous resolution of 
VUR (Blane et al. 1994). US is often negative 
particularly if performed without sufficient blad- 
der filling or without post-void evaluation. VCUG 
usually yields the accurate diagnosis dependent 
on the performance of left and right oblique views 
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of the full bladder, as diverticula may be hidden 
behind the opacified bladder on AP views and 
missed. Diverticula may only pose during void- 
ing, while some even evert during voiding to an 
extent that an initially non-refluxing ureter may 
become refluxive. A bladder diverticulum may be 
an incidental finding, and it does not require any 
treatment when no association with either VUR, 
urinary tract infection, or obstruction is identified. 
The main differential diagnosis consists of an 
everted ectopic ureterocele (Bellah et al. 1995). 


Take Away 

Oblique films on VCUG (during voiding) are 
the best imaging approach to demonstrate 
bladder diverticula that can cause obstruction 
and VUR or represent a normal variant. 


6 Congenital Cystic Disease 
of the Seminal Vesicle 


This uncommon disorder (King et al. 1991) can 
be acquired or congenital. When congenital, the 
cyst is usually associated with anomalies of the 
ipsilateral mesonephric duct such as a multicystic 
dysplastic kidney. A cyst can be discovered on a 
pelvic US. On an axial plane, it can be confused 
with a dilated ureter. An orthogonal scan helps to 
make the differential diagnosis (the structure 
remains rounded in case of a congenital cyst). 
Associated renal and/or ureteral anomalies (mul- 
ticystic dysplastic kidney, renal agenesis, duplica- 
tion of collecting system, and ectopic ureter) and 
urethral or bladder anomalies (PUV, VUR into the 
cyst and/or the ipsilateral ureter) can be detected 
on US, cystography, MR, and/or CT (Hernanz- 
Schulman et al. 1989). Cystoscopy is a useful 
complementary examination to look for trigonal 
abnormalities and an ectopic ureteral orifice. 


Take Away 

Congenital cystic disease of the seminal 
vesicle is often associated with anomalies 
of the ipsilateral kidney and ureter. 
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Fig. 17 US of the bladder demonstrating a large single 
stone in the bladder (Courtesy of Dr. Gurdeep S Mann; 
Alder Hey Children’s Hospital Liverpool, UK) 


7 Bladder Stones 


Endemic bladder stones are mostly observed in 
boys in Africa and in the Indian subcontinent. 
These primary calculi are likely related to nutri- 
tional deficiencies. In contrast, the bladder stone 
has become very uncommon in children in west- 
ern countries. The recognized lithogenic factors 
are infection (Proteus mirabilis), stasis, hyper- 
calciuria (which can be associated with nephro- 
calcinosis), bladder scars, intestinal tissue in the 
bladder mucosa (in exstrophy or after surgical 
augmentation of the bladder), cystinuria, ileal 
dysfunction (inflammatory bowel disease, 
intestine inserted into the urinary tract), and 
long-standing intravesical foreign bodies 
(catheter) (see also chapters “Urolithiasis and 
Nephrocalcinosis” and “Imaging of Urolithiasis 
and Nephrocalcinosis”). Diagnosis is obvious on 
US and plain film when the stone is located in 
the bladder (Fig. 17). It should be remembered 
that a stone can be located in the posterior ure- 
thra and thus only is depictable sonographically 
by a perineal access; a calcified stone can be hid- 
den behind a lead shielding of the gonads 
(Fig. 18). 


Fig. 18 Plain film showing a calcified stone in the poste- 
rior urethra (arrow) in a boy complaining of dysuria 


Take Away 

If a diagnosis of a bladder stone is obvious as 
seen in most cases on plain film and US, find- 
ing its explanation can be more challenging. 


8 Infection 


The spectrum of urinary tract infection includes 
cystitis in children (see also chapters “UTI and 
VUR” and “Imaging in Urinary Tract Infections”). 
Imaging is not relevant in common cystitis in an 
adolescent girl. However, in some patients, chil- 
dren with cystitis may present with dysuria, gross 
hematuria, and moderate fever. If US is per- 
formed, irregular thickening of the bladder wall 
can be shown. Such thickening can be tricky to 
interpret when the bladder is not filled, which is 
common in these children with frequent voiding. 

In some patients, inflammatory changes can 
be so intense that infravesical obstruction with 
bilateral hydronephrosis is created. 
Differentiating pseudotumoral cystitis and a 
tumor can be difficult and occasionally may 
require sophisticated imaging (MRI), cystos- 
copy, and biopsy (Hoeffel et al. 1993) (Fig. 19). 
This applies to another rare inflammatory 
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Fig. 19 US and VCUG in a 7-year-old boy with gross 
hematuria and painful dysuria. (a) Irregular thickening of 
the base of the bladder on US. (b) Elevation of the blad- 
der, irregular stenosis of the bladder neck, and proximal 


condition of the urinary bladder of unknown 
origin, the eosinophilic cystitis. This inflam- 
matory process is characterized by eosino- 
philic infiltration of the bladder wall. MR 
findings of this condition are specific; there is a 
smooth and nearly circumferential thickening 
of the bladder wall showing prominent low 
intensity on T2-weighted images (as also seen 
on US), which may histologically represent 
high cellularity due to massive eosinophilic 
infiltration (Tamai et al. 2007). 

In children living in Africa, parasitic infection 
should be included in the differential diagnosis of 
cystitis. In schistosomiasis, nodular infiltrates of 
the bladder wall are commonly shown with US as 
well as calcification of the wall (also seen on 
plain films in later stages) (Fig. 20). 


Take Away 

Bacterial, viral, or fungal infection of the 
bladder can be associated with a pseudotu- 
moral appearance causing difficulties in 
imaging diagnostics. 


posterior urethra. Prostatic rhabdomyosarcoma was sus- 
pected. Cystoscopy and biopsies were negative. Urinary 
culture was positive. Final diagnosis was E. coli pseudo- 
tumoral cystitis 


Fig. 20 Bladder US in an 8-year-old girl returning 
from Western Africa. Nodular echogenic lesion is pro- 
truding into the bladder lumen. Diagnosis was urinary 
schistosomiasis 


9 Urachus 


The urachus is the remnant of an embryonic 
connection coursing from the dome of the fetal 
bladder to the umbilicus. After birth in normal 
children, it is limited to a thin cord-like structure. 
Rarely, a patent urachus is present at birth. More 
commonly, urachal diverticulum is present at 
the dome of the bladder. It is more commonly 
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associated with bladder outflow obstruction 
such as posterior urethral valves and prune-belly 
syndrome (Fig. 21). Diagnosis can be made on 
VCUG on lateral views or on US. Note that a 
pseudotumoral irregularity of the anterior upper 
aspect of the bladder wall is a normal remnant 
of the urachus and often seen on US in children 
which should not be mistaken for bladder wall 
tumor. A urachal cyst is another pathogenic 
remnant of a urachus when communication to 
the bladder or skin surface has sealed. It may be 
isolated or multiple, and infection can occur 
within this (Newman et al. 1986). Diagnosis is 
based on the association of clinical findings and 
US, which shows a superficial midline abscess- 
like structure. Urachal carcinoma does not occur 
in childhood, but this possible complication in 
adulthood may justify prophylactic surgical 
excision of urachal cysts in children (Thomas 
et al. 1986). 


Conclusion 

Abnormalities of the lower urinary tract are 
relatively common conditions. A significant 
number of these are diagnosed antenatally. 
Post delivery of the imaging should be per- 
formed by experienced radiologists and rests 
mainly with US and VCUG. 
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1 Introduction 


Congenital anomalies of the female genital tract 
result from Müllerian duct anomalies and/or 
abnormalities of the urogenital sinus or cloaca. 
Failure of fusion of the Müllerian ducts results in 
a wide variety of fusion abnormalities of the 
uterus, cervix, and vagina (Gruenwald 1941). 
Müllerian duct abnormalities may occur alone or 
in association with urogenital sinus or cloacal 
malformations. Persistence of the cloaca is 
believed to be caused by an abnormal develop- 
ment of the dorsal part of the cloaca and the uro- 
rectal septum (Stephens 1983b; Nievelstein et al. 
1998). Urogenital sinus malformations occur 
after the cloaca has been organized into the uro- 
genital sinus and the anus (Williams and 
Bloomberg 1976). Early and complete assess- 
ment of these patients, including radiological and 
biochemical examinations, is mandatory to pro- 
vide an optimal basis for treatment that will have 
a great influence on the quality of the patient’s 
later life. Due to the close embryologic relation- 
ship between the urinary and the genital tract, 
malformations involving both organ systems are 
very common. Understanding the development 
of the urogenital system is necessary to compre- 
hend the full spectrum of congenital anomalies of 
the female genitalia. 

Ovarian cysts are frequently seen on ultra- 
sound, and ovarian torsion is an important differ- 
ential diagnosis in lower abdominal pain or 
ovarian mass and has therefore been included in 
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this chapter, although they are not closely related 
etiologically to the abovementioned malforma- 
tions and organ systems. 


2 Embryology of the Female 
Genitalia 


Sex determination at the chromosome level is 
related to the presence or absence of a Y chromo- 
some. Those individuals with a Y chromosome 
(including XXY, XXXY, etc.) will develop into 
males, and those without one will become females. 
Some individuals, however, will undergo what 
is referred to as 46,XX testicular disorder of sex 
development (DSD) or 46,XY complete gonadal 
dysgenesis, also called primary sex reversal, 
whereby the X and Y chromosomes cross over and 
exchange the sex determination SRY gene (Hughes 
et al. 2006; Koopman 1995; Marrakchi et al. 2005). 
This relatively rare occurrence (approximately 1 in 
20,000 births) can lead to males with two X chro- 
mosomes and females with a Y chromosome. 
Historically the development of the female 
phenotype was thought to occur by default, when 
SRY gene was not activated. Recently female sex 
determination genes (WNT4, RSPO1, FOXL2) 
whose expression is required for normal female 
genital differentiation have been identified 
(Hersmus et al. 2008; Barbaro et al. 2011). While 
gonad development is a result of the presence of 
the sex determination gene, sex differentiation is 


a b 
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Müllerian duct 


Fig. 1 Schematic representation of the embryology of 
the female genitourinary tract. (a) The mesonephric ducts 
(Wolffian ducts) connect the mesonephros to the cloaca. 
(b) At approximately 5 weeks of gestation, the ureteric 
bud originates from the Wolffian duct, reaches the meta- 
nephros, and induces its differentiation into the kidney 
while the mesonephros degenerates. The Müllerian ducts 
fuse at about 7-9 weeks in the midline to form the utero- 


s 4 Metanephros and 
ureteric bud 
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determined by the hormonal products of the 
gonads including the Miillerian-inhibiting sub- 
stance (MIS) produced by Sertoli cells. 

The two factors produced by the testes, andro- 
gen and MIS, are essential for the formation of 
the external and internal male genitalia as well 
as for the suppression of further development 
of the Miillerian duct into female genital struc- 
tures. In the absence of a Y chromosome, zygotes 
with two or more X chromosomes will develop 
ovaries and female internal and external genita- 
lia. Whereas the X chromosome is essential for 
development, zygotes lacking a Y chromosome 
(45,X) are viable but are unable to develop dif- 
ferentiated gonads (streak gonads) (Wilson and 
Goldstein 1975). 

Both the internal and the external genital 
organs develop in coordination with the urinary 
and anorectal system at an early stage of gesta- 
tion (Fig. 1). The internal genital organs as well 
as the lower urinary system originate from two 
paired urogenital structures that develop in both 
sexes: the mesonephric ducts (Wolffian ducts) 
and the paramesonephric ducts (Miillerian ducts) 
(Moore et al. 2011). At 5 weeks of gestation, 
the ureteral bud arises from the distal segment 
of the Wolffian duct to grow dorsally and soon 
becomes connected with the primordium of the 
permanent kidney or metanephric blastema. The 
ureteral bud forms the ureter, the renal pelvis, the 
calyces, and the intrarenal collecting ducts and 
acts as an inducer of differentiation of the renal 


vaginal canal. (c) At 8 weeks the uterovaginal canal 
reaches the urogenital sinus at the Miillerian tubercle. The 
urogenital sinus results from the separation of the cloaca 
into the urogenital sinus and rectum. (d) The vagina 
becomes patent at approximately 22 weeks. The Wolffian 
ducts are resorbed and remnants are referred to as 
Gartner’s duct 
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blastema into the adult kidney. Between the sixth 
and the eighth week, the segment of the Wolffian 
duct distal to the origin of the ureteral bud dilates 
and is incorporated into the wall of the vesicoure- 
thral canal. The ureter undergoes a craniolateral 
shift relative to the Wolffian duct to open into the 
bladder. With further growth of the surrounding 
structures, the ureteral opening migrates to the 
lateral corners of the bladder trigone, while the 
Wolffian ducts descend with the urogenital sinus. 
In the female, the Wolffian duct epithelium forms 
the posterior wall of the entire urethra (Stephens 
1983a). 

During the sixth week of gestation, the 
Miillerian ducts develop alongside the Wolffian 
ducts (Gruenwald 1941). The Miillerian ducts 
are divided into two segments demarcated by 
the insertion of the ligamentum inguinale, which 
eventually becomes the round ligament. The dis- 
tal segments of the Miillerian ducts induced by 
the mesonephric ducts move toward the midline 
and soon fuse into a single tube, the uterovagi- 
nal canal (Acién and Acién 2011). The septum 
that divides the uterovaginal canal disappears at 
11 weeks. The uterovaginal canal elongates to 
join the urogenital sinus at the Miillerian tuber- 
cle between the two openings of the Wolffian 
ducts. Further differentiation and canalization 
result in the formation of the uterus and the 
cervix. At 12 weeks the vagina forms. Induced 
by the fusion of the uterovaginal canal with the 
urogenital sinus, bilateral endodermal evagina- 
tions, the sinovaginal bulbs, form in the area of 
the Miillerian tubercle (Moore et al. 2011). The 
sinovaginal bulbs proliferate into the primitive 
vaginal plate. Canalization of this plate starts 
at the urogenital sinus forming the vaginal epi- 
thelium and the entire wall of the distal third of 
the vagina. The nonepithelial components of the 
proximal two-thirds of the vagina, however, are of 
uterovaginal canal origin. However in literature 
embryology of the vagina is very controversial. 
In contrast to the classical embryological con- 
cept, various studies have proved the participa- 
tion of the mesonephric ducts in the formation of 
the vagina. Bok and Drews (1983) demonstrated 
that the “sinovaginal bulbs” are in fact the cau- 
dal segments of the Wolffian ducts. Drews (2007) 


considered that the Wolffian ducts do not contrib- 
ute to the vagina itself but have a helper function 
during downward movement of the vaginal bud. 
In contrast according to Acién and Acién (2011), 
the mesonephric ducts form the vagina together 
with the Miillerian tubercle. 

The proximal segments of the Miillerian ducts 
remain ununited to form the fallopian tubes. In 
females the Wolffian duct is finally resorbed, 
leaving only scattered remnants forming an inter- 
rupted channel alongside the fallopian tubes, the 
proximal uterus, within the cervix, and the 
anterolateral wall of the vagina, ending at or just 
above the level of the hymen. These remnants are 
then referred to as Gartner’s duct. 

Development of the external genital organs, 
the urethra, and the anus involve transformation 
processes of the internal and external cloaca, 
which are separated by the cloacal membrane in 
a transverse plane (Stephens 1983a; Nievelstein 
et al. 1998). At 4 weeks the internal cloaca is a 
single chamber, into which lead the large intes- 
tine, the hindgut, the allantois, and the Wolffian 
ducts. 

Between the fourth and sixth weeks, the com- 
plex process of partitioning the internal and the 
external cloaca into separate urinary and anorec- 
tal systems takes place. The theories formulated 
by Rathke (1882), Retterer (1890), and Tourneux 
(1888) dominated the understanding of the devel- 
opment of the cloaca for decades. More recently, 
however, a new model of cloacal development 
has been put forward by Van der Putte (1986), 
Hartwig (1992), and Kluth et al. (1995). 
According to their theory, the distance between 
the caudal tip of the urorectal septum and the 
cloacal membrane decreases due to the unfolding 
process of the embryo and does not involve an 
active proliferation process of the urogenital sep- 
tum as suggested earlier. According to this model, 
the urorectal septum is formed by fusion of the 
surrounding extraembryonic mesoderm of the 
yolk sac and allantois. The tip of this septum 
marks the cranial border of the cloaca and subdi- 
vides the internal cloaca into the urogenital sinus 
and the anorectal canal. However, fusion between 
the cloacal membrane and the urorectal septum, 
as suggested by the previous theories, never 
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occurs (Nievelstein et al. 1998). The cloacal 
membrane eventually ruptures to allow commu- 
nication between the internal and the external 
cloaca. 

The process of partitioning then spreads cau- 
dally into the external cloaca. The perineal 
mound (i.e., the tip of the urorectal septum) sepa- 
rates the urogenital sinus from the anus. The 
inner genital folds proliferate to form the 
perineum and the labia minora, whereas the outer 
genital folds develop into the labia majora. 


3 Millerian Duct Anomalies 


Based on the embryological development of the 
female genital system, uterovaginal malforma- 
tions are classified as Miillerian agenesis in cases 
of a developmental defect of the caudal portion 
of the Miillerian ducts (Mayer-Rokitansky- 
Ktister-Hauser syndrome), disorders of lateral 
fusion resulting from failure of the two Miillerian 
ducts to fuse, and disorders of vertical fusion that 
are caused by faults in the union between the 
Miillerian tubercle and derivatives of the urogen- 
ital sinus (transverse vaginal septum, cervical 
agenesis, disorders of the hymen). Disorders of 
lateral fusion are very heterogeneous but are best 
classified according to Buttram and Gibbons 
who proposed a classification of Müllerian 
anomalies in 1979, which was subsequently 
modified by the American Society of 
Reproductive Medicine in 1988 (formerly 
American Fertility Society). According to this 
classification, Miillerian duct anomalies are clas- 
sified into seven groups. A particular patient, 
however, may not necessarily fit neatly into a 
single category. Then an exact description of 
each anomaly in detail is needed. Class I to class 
VI are shown in Figs 2, 3, and 4; class VII (not 
shown) refers to a uterus with luminal changes 
secondary to in utero exposure to diethylstilbes- 
trol (DES), used to prevent miscarriage between 
the late 1940s and the 1970s. 

Due to the frequent association of vertical and 
lateral fusion disorders, vaginal anomalies are 
best considered according to the presence or 
absence of an obstruction. 
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Fig. 2 Schematic representation of class I: Miillerian 
agenesis or hypoplasia. (a) Vaginal. (b) Cervical. (c) 
Fundal. (d) Tubal. (e) Combined vaginal and fundal 


Fig. 3 Schematic representation of class I: unicornuate 
uterus. (a) With a rudimentary, communicating horn. (b) 
The rudimentary horn has no cavity, no endometrium. (c) 
The rudimentary horn is noncommunicating with active 
endometrium. (d) No rudimentary horn 


Syndromes reported to be associated with 
genital anomalies in the female encompass 
Mayer-Rokitansky-Ktister-Hauser syndrome 
(Miillerian agenesis); MURCS association 
(Miillerian duct aplasia, renal agenesis/ectopia, 
cervical somite dysplasia) (Duncan et al. 1979); 
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Fig. 4 Schematic representation of classes III, IV, and V. 
(a) Uterus didelphys (class HI); (b—d). bicornuate uterus 
(class IV): (b) complete, (c) partial; (d) arcuate (class VI); 
(e, f) septate uterus (class V): (e) complete, (f) partial 


hand-foot-genital syndrome (bifid uterus, double 
uterus, septate vagina); VATER, VACTEL, 
VACTERL, and VACTER association (vertebral, 
vascular, and anal anomalies, auricular defects, 
cardiovascular anomalies, tracheoesophageal fis- 
tula, esophageal atresia, renal anomalies, radial 
defects, rib and limb anomalies); Beckwith- 
Wiedemann syndrome (bicornuate uterus); EEC 
syndrome (transverse vaginal septum); Fraser 
syndrome (bicornuate uterus, vaginal atresia, 
rudimentary uterus); Roberts syndrome (septate 
vagina); renal-genital-ear anomalies (vaginal 
atresia); Schinzel-Giedion syndrome (hymenal 
atresia); Jarcho-Levin syndrome (uterus didel- 
phys) (Taybi and Lachman 2007); and finally 
Pallister-Hall syndrome (vaginal atresia) (Unsinn 
et al. 1995). 


3.1 Millerian Agenesis 

Mayer-Rokitansky-Ktister-Hauser syndrome is 
characterized by the absence of the entire vagina 
or, more commonly, the proximal two-thirds of 


the vagina, absence or abnormalities of the 
uterus, and malformations of the upper urinary 
tract (Fig. 5). It affects 1 in 4000-5000 otherwise 
normal (46 XX) girls and is regarded as resulting 
from the cessation of development of the 
Miillerian duct due to a deficiency of the estrogen 
and gestagen receptors (Ludwig 1998). Mayer- 
Rokitansky-Ktister-Hauser syndrome type A 
(typical form) shows normal-appearing external 
genitalia, absence of the vagina and uterus, nor- 
mal fallopian tubes, normal ovaries, and no renal 
anomalies. In type B (atypical form), the uterus 
may be normal except for the lack of a conduit to 
the introitus or may be rudimentary, commonly 
showing disorders of the lateral fusion with apla- 
sia of one or both uterine horns, or asymmetry of 
the horns if both are present. However, any of the 
lateral or vertical fusion abnormalities with or 
without obstruction may be seen. The fallopian 
tubes are abnormally developed (hypoplasia and 
aplasia of one or both tubes), and ovarian anoma- 
lies such as inguinal hernia containing an ovary, 
no descent of the ovary, absence of the ovary, or 
streak ovaries have been reported (Taybi and 
Lachman 2007; Bazi et al. 2006). 

Malformations of the upper urinary tract occur 
in up to 50% (Rosenberg et al. 1986) of all 
affected females and include renal hydronephro- 
sis, agenesis, fusion, dysplasia, and unilateral 
ectopia. Associated anomalies of the ureters such 
as ectopia and vesicoureteral reflux have also 
been reported. Skeletal anomalies are seen in 
approximately 10% (Taybi and Lachman 2007) 
of patients who have malformations of the spine, 
such as wedge vertebrae, fusions, rudimentary 
vertebral bodies, and supernumerary vertebrae. 
The absence or underdevelopment of one lower 
sacral segment and coccyx as well as tethered 
spinal cord have been reported. Other skeletal 
anomalies include syndactyly, absence of a digit, 
long proximal phalanx of digits three and four, 
long metacarpals of digits one to four, carpal 
abnormalities, hypoplasia of the thenar emi- 
nence, and bilateral femoral hypoplasia. 

The typical patient seeks medical advice at the 
expected time of onset of puberty because of 
primary amenorrhea. Upon physical examination 
the external genitalia are those of a normal 
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Fig. 
(MRKHS): (a) schematic representation of genital anom- 
alies encountered in Mayer-Rokitansky-Kiister-Hauser 
syndrome. The rudimentary uterine horn consists of 
muscle bundles and some endometrial tissue. The tubes 


5 Mayer-Rokitansky-Kiister-Hauser syndrome 


and ovaries are normally displayed. The perineal anatomy 
shows a female phenotype, but no vaginal opening or a 
blind vaginal pouch. (b-e) A 17-year-old girl with nor- 
mal external genitalia and normal female karyotype. (b) 
Longitudinal, (c) transverse pelvic sonogram: behind the 
fluid-filled bladder (B), neither the vagina nor uterus, but 
only the rectum (R) is visualized. (d, e) Transverse scans 
through the right iliac fossa: (d) fallopian tube (closed 
arrowheads) in front of the iliac vessels. (e) More later- 


ally the normal ovary with follicles (open arrowheads) 
is in front of the psoas muscle. The iliac artery (A) and 
vein (V), psoas muscle (P). (f-h) A 13-year-old girl with 
MURCS association (Miillerian duct aplasia, Renal agen- 
esis/ectopia, Cervivcal Somite dysplasia). (f) Sagittal, 
(g) coronal, (h) axial T2-weighted MR images show 
complete absence of the vagina, cervix, and uterus. The 
patient has two normal ovaries (right not shown) and a 
pelvic kidney. K kidney, B bladder, R rectum, O ovary. 
Urethra: arrowheads. (i) Anteroposterior radiograph of 
the cervicothoracic spine: fused cervicothoracic vertebrae 
(spine anomaly of the Klippel-Feil variety) 
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female, although the introitus may end in a 
shallow blind pouch. Depending on whether 
there is a functional endometrium, cyclic or inter- 
mittent abdominal pain may be present due to 
hematocolpos or hematometrocolpos. Mayer- 
Rokitansky-Kiister-Hauser syndrome is the sec- 
ond most frequent cause of primary amenorrhea 
after the classic Turner syndrome. 

The classic Turner syndrome (55 % of 45 X0 
patients) shows ovarian dysgenesis, primary 
amenorrhea, and infantile uterus, vagina, and 
breasts (Fig. 6). Less commonly, a mosaicism (X/ 
XX, X/XY, X/XX/XY), isochromosome X, ring 
X, or partial deletion of the X chromosome is 
found. In chromosomal mosaic patients, the 
whole spectrum from absent to infantile to 
normal-sized ovaries, uterus, and vagina can be 
seen, explaining why 5 % of all Turner syndrome 
patients have spontaneous menstruation. Patients 
carrying a Y chromosome in their karyotype have 
a higher risk for developing gonadoblastoma 
(Siegel 2011). 


3.2 Disorders of Vertical Fusion 

The disorders of the vertical fusion of the 
Miillerian ducts consist of transverse vaginal 
septa, imperforate cervix, and cervical agenesis 


and result from faults in the junction between the 
descending Miillerian ducts and the ascending 
urogenital sinus. In transverse septa the interrup- 
tion may be complete or incomplete and occur at 
any level of the vagina, sometimes at multiple 
levels. The vagina is obliterated by fibrous 
connective tissue with vascular and muscular ele- 
ments lined by squamous epithelium. The sep- 
tum may be a thin membrane but more commonly 
involves a whole segment of the vagina (segmen- 
tal vaginal atresia). An increased incidence of 
associated proximal Miillerian duct anomalies is 
found, such as lateral fusion abnormalities of the 
uterus, stenosis, hypoplasia, or the absence of the 
uterus and the fallopian tubes (Silverman and 
Kuhn 2013). 

Although of different embryological origin, 
the imperforate hymen is commonly listed 
together with defects of the vertical fusion of the 
Miillerian ducts. The hymen membrane sepa- 
rates the vaginal lumen from the urogenital 
sinus and is entirely of urogenital sinus origin. 
The hymen membrane usually ruptures in the 
perinatal period and remains as a thin fold 
around the vaginal orifice. As with all vaginal 
obstructions found in association with a normal 
uterus, imperforate hymen may either be symp- 
tomatic in the newborn period or after onset of 
puberty due to the development of hydrocolpos/ 


Fig.6 Turner Syndrome. A 13-year-old girl with 45 XO karyotype. (a) Longitudinal and (b) transverse pelvic sono- 
gram show a small-sized uterus (open arrowheads). The ovaries could not be identified 
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hydrometrocolpos or hematocolpos/hematome- 
trocolpos, respectively. A protruding interlabial 
mass in association with a midline pelvic mass 
is found upon physical examination. Imperforate 
hymen is the simplest and most easily correct- 
able of all vaginal obliterations. It is not associ- 
ated with an increased incidence of Miillerian 
duct or renal anomalies (Silverman and Kuhn 
2013). 


3.3 Disorders of Lateral Fusion 
Incomplete fusion of the distal segments of the 
two Miillerian ducts results in various degrees of 
bifidity of the uterus and/or vagina (Jarcho 1946) 
(Fig. 8). Disorders of the lateral fusion are rare in 
the general population and, in the absence of 
obstruction, are asymptomatic during childhood 
or at puberty. However, these anomalies are more 
frequently encountered in infertile women. This 
group of uterine malformations includes septate, 
bicornuate, didelphic, and unicornuate uterus 
(Figs. 2, 3, and 4) (Buttram and Gibbons 1979; 
American Fertility Society 1988). 

To differentiate bicornuate from septate uterus 
in adults, a line drawn between the uterine ostia is 
used. In septate uterus the apex of the external fun- 
dal contour in adults is more than 5 mm above the 
interosteal line. When it is below or less than 


Fig. 7 Bicornuate uterus (uterus duplex unicollis). A 13 
¥-year-old girl. (a, b) Transverse pelvic sonograms shows 
(a) two uterine bodies (closed arrowheads) and two 
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5 mm, above the uterus is bicornuate (Fig. 9) (Behr 
et al. 2012; Homer et al. 2000; Fedele et al. 1988). 
In prepubescent girls, however, the entire uterus is 
so small that these criteria may not be applied for 
differentiation. Hence the approach is to describe 
anatomy exactly (number of cervices, number of 
uterine horns, communication of atrophic horn). 

A minor and relatively common form of 
fusion defects is simple septate vagina, in which 
the vagina is divided in two lateral compartments 
by a midline sagittal septum without uterine 
anomalies (Figs. 7, 8, and 9). 


3.4 Vaginal Anomalies With or 


Without Obstruction 


Because of the frequent association of vertical 
with lateral fusion anomalies, it is useful to 
consider vaginal anomalies according to the pres- 
ence or the absence of obstruction (Fig. 10). 
Nonobstructive vaginal anomalies encompass 
bifid vagina, longitudinal vaginal septum, and 
incomplete transverse septum. Among the 


obstructive vaginal anomalies are imperforate 
hymen, complete transverse vaginal septum 
(Fig. 14), and atresia of the uterine cervix and 
vagina, as mentioned above, as well as unilateral 
obstructive vaginal septum and obstruction of a 
unilateral rudimentary horn. 


endometrial cavities and (b) the cervix (open arrowheads) 
with a single endometrial cavity 
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Fig.8 Uterus didelphys with double 
vagina in a 16-year-old girl. (a) Filling 
of the vagina with plain sodium 
solution. Transverse sonogram shows 
two uteri (closed arrowheads) with 
thickened, echogenic endometrium 
(asterisks) and two fluid-filled vaginas 
(V) behind the empty bladder. (b) With 
a slightly angulated transducer 
position, no sonographic dropout 
occurs and allows clear demonstration 
of the two separate vaginas (V). B 
bladder. (c) Contrast filling of the 
vagina. Anterior posterior view of the 
double vagina after retrograde filling. 
The septum is clearly visible 


Fig.9 Classification criteria for differentiation of septate 
from bicornuate uteri (measurements valid for adults). 
After Behr et al. 2012, (a) septate uterus: The apex of the 
fundal contour is more than 5 mm (arrow) above the inter- 
osteal line. (b, c) Bicornuate uteri: The apex of the fundal 
contour is below (arrow in b), or less than 5 mm above 
(arrow in ¢) the interosteal line 


Unilateral obstructive vaginal septum In some 
cases of duplicated uterus with a midline vaginal 
septum, the caudal end of one hemivagina, more 
often the left, is obstructed (uterus didelphys 
with septate vagina and uterovaginal obstruc- 
tion) (Fig. 11). No hymen tissue is found on 
the obstructed side. The disorder may present 
at birth with a pelvic mass due to accumulated 
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genital secretion. The ipsilateral fallopian tube 
may also be enlarged. More commonly, however, 
the patient presents at puberty with a pelvic mass 
and cyclic abdominal pain despite a normal men- 
strual blood flow. The obstructed vaginal com- 
partment may protrude as a cystic mass from the 
introitus. An obstructed hemivagina and double 
uterus are almost always associated with severe 
ipsilateral renal anomalies (renal agenesis, renal 
dysplasia, ectopia, ipsilateral ectopic ureter, and 
urinary tract dilatation) due to the close develop- 
mental association between the genital system 
(originating from the Miillerian ducts) and the 
urinary system (originating from the Wolffian 
ducts) (Silverman and Kuhn 2013). Uterus 
didelphys, blind hemivagina, and ipsilateral 
renal agenesis are referred as Herlyn-Werner- 
Wunderlich syndrome (Orazi et al. 2007). In this 
context a multicystic dysplastic kidney develops 
in consequence of ureteric obstruction due to an 
ectopic opening of the ureter into the ipsilateral 
obstructed half of the double vagina. The cysts 
of MCDK may involute in the course of time — 
in rare cases prenatally, commonly postnatally — 
resulting in a small dysplastic kidney or even its 
complete disappearance, thus mimicking renal 


Fig. 10 Schematic representation of vaginal anomalies 
with and without obstruction. (a) Imperforate hymen. (b) 
Incomplete transverse vaginal septum. (c) Longitudinal 
vaginal septum, uterus didelphys. (d) Bifid vagina, uterus 
didelphys. (e) Obstruction of a hemivagina, hematometro- 
colpos, uterus didelphys. (f) Imperforate hymen, hemato- 
colpos; a protruding vestibular mass is found. (g) Partial 
vaginal agenesis, hematometrocolpos. (h) Transverse 
vaginal septum, hematometrocolpos, spilling of menstrual 
blood via the fallopian tubes 


agenesis later in life (Kiechl-Kohlendorfer et al. 
2011). 


Therefore, it is advisable to look for an uterus 
didelphys with obstructed hemivagina whenever a 
multicystic dysplastic kidney or renal agenesis in 
a girl is discovered. This is important for correct 
management at the onset of puberty to prevent 
patients from becoming symptomatic with acute 
abdominal pain and dysmenorrhea (Fig. 12). 


Obstruction of an unilateral rudimentary 
horn This condition is found at the extreme end 
of the spectrum of Miillerian duct anomalies 
(Fig. 3). One of the two Miillerian ducts fails to 
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develop or is partially or completely (unicornuate 
uterus) resorbed. The ipsilateral fallopian tube is, 
therefore, absent or rudimentary, whereas both 
ovaries are present and functional. If a rudimen- 
tary hemiuterus contains functioning endome- 
trium, the patient may develop an accumulation 
of mucus within this structure, during the neona- 
tal period, or blood, at the time of puberty. Renal 
agenesis or severe renal dysplasia on the side of 
the missing or malformed hemiuterus is the rule 
(Gilsanz et al. 1982; Woolf and Allen 1953). 


Take Away 

Due to the close developmental relationship 
of the urinary and the genital tract, malfor- 
mations frequently occur in both of these 
systems. Major renal anomalies are common 
in patients presenting with unilateral obstruc- 
tion or agenesis of duplicated structures 
derived from the Miillerian duct. 


3.5 Diagnostic Imaging 


of Millerian Duct Anomalies 


Pediatric radiologists will commonly come across 
Miillerian duct anomalies at two different stages of 
a girl’s life. In neonates diagnostic requests encom- 
pass evaluation of a palpable abdominal mass and 
delineation of associated genital malformation in 
urogenital sinus anomalies. In adolescent girls 
delay in puberty or primary amenorrhea and pelvic 
abdominal pain after the onset of puberty are the 
most common reasons for consultation. 

Ultrasound (US) is the most common first- 
step imaging technique in the evaluation of 
patients of both age groups. Subsequent tests 
such as MR imaging and fluoroscopic studies 
provide additional information (Fielding 1996; 
Wagner and Woodward 1994). In particular, 
patients with Miillerian agenesis may need MR 
imaging to clearly document their ovaries and the 
rudimentary uterus (Rosenberg et al. 1986; 
Rosenblatt et al. 1991; Lang et al. 1999). 

On MR imaging T2-weighted images are 
best to characterize anatomy of the female 
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Fig. 11 Uterus didelphys with left 
multicystic dysplastic kidney 
(MCDK) and ipsilateral vaginal 
obstruction. (a) Longitudinal scan 
(coronal plane) of the left flank. 
MCDK: multiple anechoic cysts of 
variable size and shape that do not 
communicate with each other. The 
dilated ureter (arrows) could be 
traced from the MCDK to the 
obstructed ipsilateral left vagina. (b) 
Transverse pelvic sonogram shows 
two uterine fundi: right fundus 
(closed arrowheads), left fundus 
(open arrowheads). (c) Transverse 
scan at lower level than b shows a 
left-sided cyst representing 
obstructed left vagina (LV). (d, e) 
Longitudinal sonograms obtained 
after instilling saline solution in the 
vagina demonstrated (d) fluid-filled 
patent right vagina (RV) with right 
uterus (arrowheads); (e) atretic left 
vagina (LV) with left uterus 
(arrowheads). Obstructing membrane 
(arrow). (f) Transverse scan shows 
the atretic left ureter (closed 
arrowheads) bulging into the atretic 
left vagina (asterisk). Functional 
right vagina (open arrowheads). 

(g) Schematic representation 


reproductive tract. Multiplanar reformatting 
of 3D T2-weighted images, done retrospec- 
tively at the workstation, avoids the need for 
exact prescription of the imaging plane and 
therefore reduces imaging time (Fig. 16e). For 
small pelvic lower UGT pathology, additional 
(isotropic) HR-MR 3D-CISS-sequence can 
help to establish the correct anatomic diagno- 
sis by offering increased contrast and spatial 
resolution at little additional examination time 
(Ehammer et al. 2011). Tl-weighted images 
help to identify high-signal-intensity blood 
products. 

In US and MR imaging sagittal plane is 
helpful to determine a diagnosis of uterine or 


vaginal agenesis or hypoplasia. Oblique coro- 
nal images in the long axis of the uterus are 
necessary for proper assessment of the external 
uterine fundal contour to differentiate bicornu- 
ate from septate and didelphic uterus (Fig. 9). 
Axial planes best characterize vaginal agenesis 
(Fig. Sh). 

Due to the high association of Miillerian duct 
anomalies with anomalies of the urinary tract, 
every patient diagnosed with genital malforma- 
tions, whether newborn or adolescent, needs a 
careful investigation of the urinary tract. Renal 
US and voiding cystourethrography should be 
performed on all patients diagnosed with a 
duplicated uterine system. Pelvic sonography, on 
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the other hand, is mandatory in patients with 
unilateral renal agenesis, ectopia, multicystic 
dysplastic, or horseshoe kidney (Gilsanz et al. 

; Woolf and Allen ; Gilsanz and 
Cleveland ; Kiechl-Kohlendorfer et al. 


). In cases of Miillerian agenesis, spinal 
ultrasound in newborns and MR imaging in older 
girls as well as plain X-rays are required to rule 
out spinal cord anomalies and skeletal anomalies, 
respectively (Fig. 13). 


Fig. 12 Uterus didelphys with left-sided vaginal atresia 
and the absent left kidney. A 14-year-old girl with cyclic 
and progressive abdominal pain and a pelvic mass. (a) 
Transverse and (b) left coronal pelvic sonogram show a 
normal right uterus (closed arrowheads) and a left-sided 
enormous dilated blood-filled uterus (open arrowheads) 
with a sedimentation level (closed arrows) in the hemato- 
metra (HM). Bladder (B). (b) On left coronal sonogram, 


both the left-sided hematometra and the hematosalpinx 
(open arrows) are seen. (c) Right and (d) left longitudinal 
dorsal sonogram show a normal right and the absent left 
kidney (key to the diagnosis!). (e) Axial T2-weighted 
image shows the normal right uterus (closed arrowheads) 
and the left uterus (open arrowheads) with the dilated 
blood-filled cervix, representing the hematometra (HM) 


Fig. 13 Distal vaginal atresia with hematocolpos. A 
14-year-old girl. (a) Longitudinal pelvic sonogram: huge 
distension of the vagina (V). Internal echos reflect cellular 
debris or blood. Normal-sized pubertal uterus (arrow- 
heads). (b) Transperineal sagittal sonogram shows clearly 
the thick vaginal septum (arrows) and the distance (dou- 
ble arrow) from the perineum to the caudal aspect of the 


distended vagina (V) corresponding to the short zone of 
vaginal atresia. (c, d) T2-weighted magnetic resonance 
images of the pelvis in the midsagittal plane show the 
markedly distended vagina (V) filled with material consis- 
tent with subacute blood. The uterus (U) is not enlarged. 
Balloon catheter (B) in the empty bladder 
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Morphologic features of the uterus in neonate, 
prepubertal, and pubertal girls Under the 
influence of maternal and placental hormones, 
the neonatal uterus is more prominent and mea- 
sures between 2.3 and 4.6 cm (mean 3.4 cm) in 
length, the fundal width ranges from 0.8 to 
2.1 cm (mean 1.2 cm), and cervical width 
ranges from 0.8 to 2.2 cm (mean 1.4 cm), with 
a definable endometrial stripe (Fig. 14) (Siegel 
2011). 

The prominent neonatal uterus provides a 
unique opportunity for early and accurate diag- 
nosis of these anomalies by sonography, and 
every US investigation in a neonate girl should 
include its assessment. A uterus didelphys or 
bicornuate uterus can, therefore, readily be dem- 
onstrated. The prepubertal uterus is smaller, has a 
tube shape, and a non-apparent endometrium, 
making it almost impossible to evaluate uterine 
anomalies (Fig. 15). 
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Estrogen stimulation at the onset of puberty 
results in fundal swelling and apparent endome- 
trium (Fig. 16). The postpubertal uterus has the 


Fig. 15 Normal prepubertal uterus of a 2 1⁄2 -year-old 
girl. Longitudinal sonogram shows a tubular uterus 
(arrowheads) with no differentiation between the fundus 
and cervix. The inner layer of myometrium is hypoechoic 
(subendometrial halo). B bladder 


Fig. 14 Normal neonatal uterus. (a-c) Longitudinal 
sonograms: The cervix and fundus are clearly discernible. 
The cervix (open arrowheads) has a greater diameter and 
length than fundus (closed arrowheads). There is a small 
amount of fluid within the endometrial canal at the junc- 
tion of the fundus and cervix (asterisk). Single nabothian 
cyst in the cervix (closed arrow). The inner layer of 


hypoechoic (subendometrial halo). 


myometrium is 
Echogenic endometrial glands (open arrows). In the fluid- 
distended vagina, cervical mucus adherent to the vaginal 
part of cervix is visible (M). (d) Transverse scan at the 
level of the fundus shows the uterine horns (area where 
the tubes enter the uterus; curved arrows) 
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adult pear-shaped appearance and measures 
5-8 x 1.5 x3 cm (Teele and Share ; Ziereisen 
et al. ) (Fig. 16). 


Sonographic features of hydro-/hematocolpos and 
hydrometro-/hematometrocolpos Sonographic 
evaluation of a newborn or adolescent girl with 
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a palpable abdominal mass may reveal a midline 
cystic mass reflecting congenital hydrocolpos 
or hydrometrocolpos in the former and hema- 
tocolpos or hematometrocolpos in the latter 
(Figs. 17 and 18). 

In some cases the cystic dilatation of the 
vagina may be very impressive with the less 


Fig. 16 Normal postmenarchal pear-shaped uterus and 
the phases of endometrial development. (a) A 13 1⁄2 -year- 
old girl. Longitudinal sonogram: Diameter and length of 
the fundus (closed arrowheads) are greater than those of 
the cervix (open arrowheads). Proliferative phase: The 
central canal is echogenic and surrounded by the 
hypoechoic functionalis layer (open arrows). (b, ¢) A 
14-year-old girl. Secretory phase. (b) Longitudinal, (c) 
coronal sonogram: thickened echogenic endometrium 


Fig.17 Imperforate hymen with 
moderate hydrocolpos. (a) The 
imperforate hymen protrudes 
between the labia. (b) Translabial 
sagittal scan: The vagina (V) is 
moderately dilated and the fluid 
protrudes the hymen (arrowheads) 
spherically 


(open arrows). The internal (open arrows) and external 
(closed arrowheads) fundal contour is clearly visible. (d) 
A 17-year-old girl. Sagittal T2-weighted image of a nor- 
mal zonal anatomy of the uterus: high-signal endome- 
trium (asterisks), low-signal junctional zone (arrowheads), 
intermediate-signal myometrium. B bladder. (e) Coronal 
oblique T2-weighted reformatted image: normal external 
fundal contour (arrowheads) 
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easily distensible uterus attached to it as a 
small cap-like structure. The fluid-filled vagina 
and/or uterus may be seen as a cystic structure 
homogeneously and completely filled appearing 
as a solid mass, cystic with scattered internal 
echoes, or completely anechoic. A fluid-debris 
level might be found and is a crucial finding in 
congenital hydrocolpos/hydrometrocolpos that 
differentiates the vagina from the bladder (Blask 
et al. 1991a, b). Association of hydro-/hemato- 
colpos and  hydrometro-/hematometrocolpos 


with an obliterate introitus or a shallow blindly 
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ending vaginal pouch is strongly suggestive of 

Miillerian agenesis or transverse vaginal septum 

but has to be distinguished from pelvic masses 

caused by an imperforate hymen or unilateral 

occlusion of a duplicated vagina (Blask et al. 
). 

In addition, fluid may be found in the perito- 
neal cavity due to spillage of genital secretion/ 
menstrual blood via the fallopian tubes. Repeated 
backflow of menstrual blood results in endome- 
triosis and chronic epithelial tubal changes that 
jeopardize fertility (Fig. 19). 


Fig. 18 Imperforate hymen with excessive hydrocolpos. 
(a, b) Longitudinal scans: The low-level echoes within the 
markedly dilated vagina (V) represent mucous secretions. 
(a) The uterus with cervix (open arrowheads) projects 
into the dilated vagina (V). Mucus plug (closed arrow- 


head) adherent to the cervical ostium. (b) The hydrocol- 
pos (V) compresses the inferior vena cava (blue color). (c) 
Transverse pelvic scan: The ureters (U) are dilated due to 
distal ureteral compression. V hydrocolpos 


Fig. 19 Imperforate hymen with hydrometrocolpos and 
ascites due to spillage of genital secretions via the fallo- 
pian tubes into the peritoneal cavity. (a, b) Sagittal scans: 
The vagina (V) and the uterus (U) are dilated with broad 
communication through the cervical ostium (open arrow- 


heads). The vagina shows a fluid-debris level (closed 
arrowheads). (c) Distended, fluid-filled abdomen. The air- 
filled loops of bowel cluster in the center of the abdomen. 
The lateral edge of the liver (arrowheads) is visible 
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Diagnostic imaging of vaginal anomalies. Vaginal 
anomalies without obstruction are usually 
asymptomatic unless they represent a mechanical 
obstacle during intercourse or delivery. Either fluid 
filling of the vagina under sonographic guidance 
or traditional vaginography with contrast material 
is effective in delineating these malformations 
(Pellerito et al. 1992; Rosenberg et al. 1986). 
In our experience traditional vaginography is 
restricted in value by only demonstrating the 
inner contour of the vagina (Gassner and Geley 
2004). Frequently the uterus does not opacify, 
and the proximal impression of the cervix/ 
cervices or the lateral impression caused by an 
obstructed hemivagina may at times be difficult and 
confusing. Filling the vagina with either ultrasound 
contrast agents or plain salt solution combined 
with ultrasound, however, overcomes these 
problems. In our experience, fluid instillation into 
either the bladder or the rectum or both significantly 
increases the performance of ultrasound by 
generating “sonographic windows” surrounding the 
uterus and vagina (Kiechl-Kohlendorfer et al. 2001). 
Filling the vagina in a newborn is performed 
via an 8-F feeding tube (Riccabona et al. 2014). 
A catheter of adjusted size is used in older girls. 
Simultaneously performed transabdominal or 
perineal ultrasound delineates the internal 
anatomy and patency of the vagina, the presence 
of one or two cervices, and allows the 
differentiation of a cystic mass being related to an 
obstructed vagina, a ureterocele, renal cysts 
(multicystic dysplastic kidney) (Fig. 11), or a 
dilated Gartner’s duct or a Gartner’s duct cyst. 
Gartner’s duct cysts are usually asymptomatic, 
do not exceed 2 cm in size, and typically exhibit 
a hypoechoic, sharply delineated cystic structure 
in close proximity to the anterolateral wall of the 
cervix (Rosenfeld and Lis 1993). In the rare cases 
of the ureteral bud failing to separate from the 
Wolffian ducts, a single ectopic ureter may 
terminate directly or via Gartner’s duct or a 
Gartner’s duct cyst into the bladder neck, the 
urethra, the vaginal vestibule, or the vagina itself 
(Currarino 1982). A single ectopic ureter is 
always accompanied by ipsilateral renal 
hypoplasia, dysplasia, or agenesis (Gharagozloo 
and Lebowitz 1994). 


G. Schweigmann et al. 


Take Away 

In the evaluation of Miillerian duct anoma- 
lies in neonates and adolescent girls, 
sonography is the most useful first-step 
examination technique. In all patients with 
congenital malformations of the inner geni- 
talia, the urinary tract needs to be evaluated 
and vice versa. 


4 Lower Urinary Tract 
Anomalies of Urogenital 
Sinus 


The most common urogenital sinus malforma- 
tions a radiologist will come across are patients 
suffering from female hypospadias (simple 
urogenital sinus), intersexual conditions, and 
cloacal malformation (urogenital sinus associated 
with anorectal malformation) (Fig. 20). 
Urogenital sinus is suspected during physi- 
cal examination of a newborn with a normally 
placed anus in association with either ambigu- 
ous genitalia or a normal external genitalia, but 
only a single perineal opening within the vestibu- 


Fig. 20 Schematic representation of lower urinary tract 
anomalies of the urogenital sinus. (a) Distal female hypo- 
spadia: The urethral meatus lies in the roof of the vagina. 
(b) Proximal female hypospadia. (c) Urogenital sinus. (d) 
Persistent cloaca. The most common anatomy of persis- 
tent cloaca is shown. There is a urogenital sinus; the 
vagina enters just below the bladder neck, and the rectum 
enters just below the vagina. The confluence level can be 
high, intermediate, or low 
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lum. It is either isolated or found in association 
with chromosomal and hormonal abnormalities 
or as a Cloacal variant. Neonates with urogeni- 
tal sinus frequently have ambiguous genitalia, 
since a main cause of this malformation stems 
from virilization of a female fetus or an intersex 
anomaly. However, urogenital sinus may also 
result from incomplete development of the lower 
vagina, and the external genitalia may appear 
completely normal (Marshall et al. 1979). 

In patients with ambiguous genitalia, determi- 
nation of the sex has to be performed using bio- 
chemical, genetic, and radiological studies in 
order to exclude the life-threatening salt-losing 
form of adrenogenital syndrome and to provide 
adequate information to the parents. 


4.1 Female Hypospadias 

In female hypospadias the urethral meatus is 
positioned in the anterior wall of the vagina 
(Figs. 20 and 21). Merguerian and McLorie 
(1992) regard female hypospadias as a mild 
form of urogenital sinus. Currarino (1986) and 
Knight et al. (1995) describe female hypospa- 
dias as an abnormality of the urethra itself 
caused by a defect in the differentiation of either 
the Wolffian ducts, which form the dorsal part of 
the urethra, or the urogenital sinus, which devel- 
ops into the distal third of the vagina. 
Differentiation defects of the Wolffian duct lead 
to the development of the more severe proximal 
hypospadias, whereas developmental anomalies 


Fig. 21 Schematic representation of female hypospadia. 
(a) The perineal anatomy shows a female phenotype but 
no urethral opening. (b) The urethral meatus is in the roof 
of the vagina 


of the urogenital sinus result in the less severe 
distal hypospadias. 

Distal hypospadia is more likely to have a ure- 
thra of normal diameter with no meatal stenosis 
and may, therefore, be asymptomatic or cause 
symptoms such as postmicturition incontinence 
and imperfect control, recurrent urinary tract 
infections, and urethral syndrome (referring to 
isolated urethritis with symptoms of increased 
frequency, pain during micturition, urgency, and 
dyspareunia) once sexual intercourse has com- 
menced (Van Bogaert 1992). 

The more severe cases of proximal hypospa- 
dias often show a narrowing of the urethra with 
signs of urinary outflow obstruction and are com- 
monly associated with cloacal anomalies and 
female pseudohermaphroditism (46,XX DSD) 
(Knight et al. 1995). 

4.1.1 Diagnostic Imaging of Female 
Hypospadias 

In mild forms of female hypospadias, the ure- 
thral meatus is on the roof of the vagina just 
inside the introitus and might be entirely 
overlooked unless attempts to catheterize the 
urethra, usually for radiologic evaluation of 
the urinary tract, are frustrated by the inabil- 
ity to locate the meatus (Balk et al. 1982). In 
these patients the urethra must be catheterized 
blindly using a catheter with a curved tip (coudé 
catheter). To rule out associated malformations, 
both the kidneys, the uterus, and the vagina of 
these patients should be examined. The more 
severe cases of female hypospadias are usually 
part of a complex urogenital malformation, and 
diagnostic evaluation will, therefore, be dis- 
cussed below. 


Take Away 


Inability to locate the urethral meatus in a 
little girl may be due to the presence of 
female hypospadias. In these patients the 
urethral meatus is positioned in the anterior 
wall of the vagina, and catheterization has 
to be attempted blindly. 
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4.2 Urogenital Sinus in Disorders 
of Sexual Development 


Disorders of the external genitalia are especially 
troubling for parents because of the unconscious 
emotional significance of these reproductive 
structures. The role of the radiologist is to assist 
in assigning the correct gender of the neonate 
and to anticipate and diagnose any life-threaten- 
ing conditions related to intersexual states. 
According to the consensus statement on man- 
agement of intersex 2006, the three major types 
of disorders of sexual development (DSD) with 
ambiguous genitalia are referred to as 46,XX 
DSD, 46,XY DSD and sex chromosome 
DSD. There is some overlap between these three 
subgroups (Hughes et al. 2006). Table | presents 
the adapted classification according to the 
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European Society for Pediatric Endocrinology 
(Riccabona 2013). Recommendations on imag- 
ing in “intersex” queries are given by the ESPR 
uroradiology task force part VIII (Riccabona 
et al. 2015). 

4.2.1 46,XX Disorders of Sexual 
Development 

In most instances 46,XX disorders with ambigu- 
ous genitalia (former female pseudohermaphro- 
ditism) result from exposure of a female fetus to 
excessive androgens. 

The most common causes of androgen excess 
are congenital adrenal hyperplasia, followed by 
placental aromatase deficiency, masculinizing 
maternal hormones, and administration of andro- 
genic drugs to women during pregnancy. The 
increased level of androgens within the fetal 


Table 1 Classification of disorders of sexual development (DSD), according to the Lawson Wilkins Pediatric 
Endocrine Society and European Society for Pediatric Endocrinology 


Numerical sex chromosome 


anomalies 46,XY 46,XX 
47,XXY Klinefelter syndrome | Disorders of gonadal (testicular) Disorders of gonadal (ovarian) 
and variants development development 
Complete or partial gonadal dysgenesis Gonadal dysgenesis 
Ovotestiscular DSD (true Ovotesticular DSD (true 
hermaphroditism) hermaphroditism) 
Testis regression syndrome Testicular DSD 


45,XO Turner syndrome and 
variants 


45,X0/46,XY MGD 
ovotesticular DSD (true 
hermaphroditism) 


Disorders in androgen synthesis or action 
Leydig cell failure 
LH receptor mutations 
Androgen biosynthesis defects 
Defects in androgen metabolism 
Defects in androgen action 

Androgen insensitivity syndrome 

Drugs and environmental modulators 


Androgen excess 


'46,XX/46,XY chimeric 
ovotesticular DSD 


Disorders of AMH gene/persistent 
Miillerian duct syndrome 


Others Others 


Syndromic associations of male genital 
development cloacal anomalies, etc. 
Vanishing “testes” syndrome 

Maternal excessive exogenous 
estroprogestins 

Congenital hypogonadotropic 
hypogonadism 

Isolated hypospadias 

Cryptorchidism 

Environmental influences 


Syndromic associations (and 
cloacal anomalies) 

Miillerian agenesis/hypoplasia 
Uterine anomalies 

Vaginal atresia 
McKusick-Kaufman syndrome 
Mayer-Rokitansky-Kuster- 
Hauser syndrome 

Labial adhesions 


Adapted according to presentation of Orazi et al. (2012) 
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bloodstream causes virilization of the external 
genitalia, which may vary from minimal phallic 
enlargement of the clitoris to almost complete 
masculinization (Fig. 22). The degree of mascu- 
linization of the fetus is thought to be related to 
the time and amount of androgen exposure. If the 
androgen stimulus is received after 12 weeks of 
gestation, only clitoral hypertrophy will occur 
(Merguerian and McLorie 1992). Earlier andro- 
gen exposure results in urogenital sinus and a 
higher degree of ambiguity of the external genita- 
lia. At birth these patients present with marked 
clitoral enlargement and variable degree of labio- 
scrotal fold fusion and rugation. The opening of 
the urogenital sinus at the clitoral base may 
mimic penile hypospadias. 


Congenital adrenal hyperplasia. This is caused 
by a family of autosomal recessive disorders of 
adrenal steroidogenesis leading to a deficiency of 
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cortisol. Lack of glucocorticoid hormone causes 
an increase in corticotropin, hyperstimulation 
of the fetal adrenal gland, and excessive andro- 
gen synthesis. One out of three adrenal enzymes 
involved in the pathway on which glucocorti- 
coids are synthesized is affected. The condition 
21-hydroxylase deficiency counts for 90-95%, 
and a defect of 11$-hydroxylase is found in 5-8 % 
of cases (New 2003). The remaining patients show 
defects of other enzymes involved in steroido- 
genesis. Due to impaired aldosterone biosynthe- 
sis, Salt-losing symptoms are common in 21- and 
3B-hydroxysteroid dehydrogenase deficiencies and 
usually present soon after birth. Owing to allelic 
variants, severe and mild forms are described for 
each defect (Chan-Cua et al. 1989). 


Placental aromatase deficiency This results from 
a very low aromatizing activity of the placenta 
and thus failure to convert androgens derived 


Fig. 22 Congenital adrenal hyperplasia with virilization 
of the external genitalia and urogenital sinus with vaginal 
stenosis in a 1-day-old female. (a) Right longitudinal sono- 
gram; (b) left axial sonogram. The adrenal gland is 
enlarged with the so-called cerebriform pattern (resem- 
bling the cerebral cortex). (c) Longitudinal pelvic scan 


confirms the presence of the uterus (arrowheads). There is 
moderate hydrometrocolpos (asterisks) due to urogenital 
sinus with vaginal stenosis. (d) The bladder is catheterized. 
Contrast material fills the bladder (B) and during micturi- 
tion in the vagina (V). Stenotic vaginal communication 
(open arrow). Urogenital sinus opening (closed arrow) 
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from fetal dehydroepiandrosterone into estrogens 
(Shozu et al. 1991; MacGillivary et al. 1998). 


Virilizing maternal tumors These include adre- 
nal adenoma, androblastoma, luteomas, and 
Krukenberg tumors and are reported to cause fetal 
virilization. In cases of unclear hermaphroditism, 
evaluation of the mother should always include 
measurement of her plasma androgen levels. 


Administration of androgenic drugs to pregnant 
women Over the past couple of years, this 
mainly iatrogenic problem has been significantly 
reduced by replacing virilizing progestational 
compounds with nonvirilizing analogs in the 
treatment of threatening abortion. 


4.2.2 46,XY Disorder of Sexual 
Development 

46,XY DSD with ambiguous genitalia (former 
male pseudohermaphroditism) is most frequently 
caused by an abnormal plasma testosterone level 
or an abnormal testosterone response. The most 
common causes are disorders in androgen syn- 
thesis or action. 

A 5-alpha reductase deficiency is an androgen 
biosynthesis defect that blocks the transforma- 
tion of testosterone into the more potent 5-alpha 
dihydrotestosterone (DHT). The affected 46,XY 
individuals have high normal to elevated plasma 
testosterone levels with decreased DHT levels 
and elevated testosterone/DHT ratios. DHT is 
necessary to exert androgenic effects farther from 
the site of testosterone production. A 5-alpha 
reductase deficiency results in a disorder charac- 
terized by female phenotype or severely under- 
virilized male phenotype with development of 
the epididymis, vas deferens, seminal vesicle, 
and ejaculatory duct, but also a pseudovagina 
(Imperato-McGinley and Zhu 2002). 

Androgen insensitivity syndrome (AIS) is also 
called testicular feminization and results from a 
complete or partial absence of cytoplasmic recep- 
tors for testosterone in target tissues (Holterhus 
et al. 2005). The feminization is a consequence of 
increased testicular secretion of estradiol, periph- 
eral conversion of androgens to estradiol, and a 
lack of testosterone function during fetal devel- 
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opment. Serum LH and FSH are elevated as tes- 
tosterone is ineffective at the hypothalamus. The 
syndrome is characterized by a 46,XY karyotype 
and negative sex chromatin. It is divided into two 
main categories: complete (CAIS) and partial 
(PAIS). CAIS results in bilateral testes, absent or 
hypoplastic Wolffian ducts, and female-appearing 
external genitalia with diminished axillary and 
pubic hair development (Collins et al. 1993). In 
PAIS the degree of sexual ambiguity varies 
widely from individual to individual. 

CAIS is rarely discovered during childhood, 
unless a mass is felt in the abdomen or groin that 
turns out to be a testicle. Most with this condition 
are not diagnosed until they fail to menstruate or 
they try to become pregnant. PAIS, however, is 
often discovered during childhood because the 
affected child has both male and female physical 
characteristics and/or ambiguous genitalia such 
as partial fusion of the outer vaginal lips, an 
enlarged clitoris, or a short, blind-ending vagina. 


4.2.3 Sex Chromosome DSD 

The frequent cause of ambiguous genitalia in sex 
chromosome DSD is mixed gonadal dysgenesis. 
A very rare form is ovotesticular disorder of sex 
development. 

Mixed gonadal dysgenesis is a condition of 
abnormal and asymmetrical gonadal develop- 
ment and/or sex chromosomal mosaicism, as 
well as retained Miillerian ducts. A number of 
abnormalities have been reported in the karyo- 
type, most commonly a mosaicism 45, 
X/46,XY. The phenotypical expression may be 
ambiguous, or male or female depending on the 
extent of the mosaicism. The gonads may not be 
symmetrical; thus, the development of the 
Miillerian duct and Wolffian duct may be asym- 
metrical, too (Donahoe et al. 1979). In the pres- 
ence of dysgenetic gonadal tissue and Y 
chromosome material, there is a high risk of the 
development of tumors such as gonadoblastomas 
and seminoma-dysgerminomas with the risk 
exceeding 50 % as the third decade is approached. 
Removal of the gonads is usually indicated. 

Chimeric, ovotesticular (46,XX/46,XY) DSD 
(former true hermaphroditism) is a very rare 
form of intersex disorder characterized by the 
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presence of both ovarian and testicular tissue in 
the same individual. There may be an ovary on 
one side and a testis on the other, but more com- 
monly one or both gonads are an ovotestis con- 
taining both types of tissue. External genitalia are 
often ambiguous, the degree depending mainly 
on the amount of testosterone produced by the 
testicular tissue between 8 and 16 weeks of ges- 
tation. It is rare for both types of gonadal tissue to 
function. 


Take Away 

Phenotypic sex differentiation is deter- 
mined by hormonal products of the gonads. 
Anomalous hormone production during 
fetal development frequently results in 
ambiguous genitalia. 


4.2.4 Diagnostic Imaging 
of Urogenital Sinus Anomalies 

In congenital adrenal hyperplasia (Willi 1991; 
Chertin et al. 2000), the primary task of the radi- 
ologist is to demonstrate the level of communica- 
tion between the vagina and the urethra and the 
anatomy of the internal genitalia or to rule out 
kidney anomalies and adrenal gland hyperplasia. 
Sonographic evaluation of the patient is usually 
the first-step imaging technique to provide 
detailed information on the urogenital system. 
Transabdominal US demonstrates the internal 
genitalia, delineates Miillerian duct anomalies, 
rules out any obstructions such as hydrocolpos 
and hydrometrocolpos (Blask et al. 1991a), and 
allows for investigation of the kidneys and 
adrenal glands at the same time. Urinary tract 
anomalies are common and include renal agene- 
sis, ectopia, and cystic dysplasia as well as uni- 
and bilateral hydronephrosis, vesicoureteral 
reflux, and signs of urinary outflow obstruction 
(Woolf and Allen 1953). Enlargement of the adre- 
nal cortex occurs in many, but not all babies with 
congenital adrenal hyperplasia. Demonstration of 
enlarged adrenal glands with a wavy configura- 
tion of their limbs, however, is highly suspicious 
of congenital adrenal hyperplasia even before 
biochemical or genetic data can be obtained 


(Fig. 22) (Teele and Share 1991; Hernanz- 
Schulman et al. 2002; Barwick et al. 2005). 

In androgen insensitivity syndrome, US will 
demonstrate an absent uterus, no or a blind- 
ending vagina, and testes located in the inguinal 
canal, labia, or intra-abdominal. Coexistence 
with urologic abnormalities has to be is expected 
such as unilateral renal agenesis (Tokgoz et al. 
2006). The patient is at increased risk of under- 
going malignant transformation of the unde- 
scended gonad. The gonads should not be 
removed until puberty and growth are complete 
but closely monitored sonographically during 
childhood. 

Procedural recommendations on imaging of 
the neonatal and infant genital tract are given by 
the ESPR uroradiology task force (Riccabona 
et al. 2014). A systematic transabdominal and 
transperineal US approach of the pelvic cavity 
with full-filled bladder is fundamental. Whenever 
genital US is insufficient for adequate character- 
ization, a specific sonographic genitography is 
recommended. It consists of prewarmed saline 
instillation into the vagina through a small flexi- 
ble feeding tube (8-F, thinner if urogenital sinus 
tract) that improves visualization. If the bladder 
fails to fill via urogenital sinus, blind bladder 
catheterization with second (curved tip) catheter 
is done. Additional rectal saline filling may also 
be useful. 

For depiction of complex malformations or 
surgical planning, subsequent complementary 
imaging may include fluoroscopic genitogra- 
phy. Water-soluble iodinized contrast material 
(100 mg I/ml, or less) is required (Fig. 22). 
Barium paste or another opaque material is 
useful for marking the external orifice on the 
perineum. If done in the same session as US 
genitography, catheters are reused. Otherwise 
the urethra and/or the urogenital sinus is cath- 
eterized. If the catheter enters the bladder, 
voiding cystourethrography should be per- 
formed in the lateral position to demonstrate 
the urethra as well as the vagina during micturi- 
tion and to rule out vesicoureteral reflux. If 
only the vagina is filled, however, the catheter 
should be left in place and a second curved-tip 
catheter passed anteriorly into the urogenital 
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sinus in an attempt to catheterize the urethra. 
The relative position of the vaginal orifice both 
to the urethra and to the vestibulum can then be 
demonstrated. Using US and contrast studies, a 
definitive diagnosis of anatomical features and 
associated genitourinary tract malformations 
can be made. 

Although US is the examination of choice, 
some authors recommend MRI to be performed 
before surgery (Lang et al. 1999). Unlike in 
adults or in older children, MRI evaluation of the 
genital tract is limited in neonates due to resolu- 
tion issues and may be therefore less useful. A 
high-resolution 3D sequence after saline instilla- 
tion into the vagina and bladder as well as rectal 
filling with diluted contrast material may yield 
more differentiated anatomical information 
(Riccabona et al. 2014). 

In DSD, MR imaging reliably identifies the 
presence and size of ovaries, testes, uterus, 
vagina, and penis (Moshiri et al. 2012). 
Ectopic gonads, testes, and immature ovaries 
without cysts have intermediate signal on 
Tl-weighted images and high-signal-intensity 
with an intermediate-signal-intensity outer rim 
on T2-weighted images (Chavhan et al. 2008). To 
detect and characterize streak gonads is much 
more challenging with any imaging modality. On 
T2-weighted images, low-signal-intensity stripes 
can be seen. High-signal-intensity foci in streak 
gonads could represent neoplastic changes 
(Gambino et al. 1992). The presence or absence 
of bulbospongiosus muscle and location of the 
transverse perinei muscles are helpful to differen- 
tiate clitoric hypertrophy from penile structures. 
The examination has to be completed by addi- 
tional assessment of the kidneys and adrenal 
glands. 


Take Away 

Narrowing differential diagnosis of the 
possible cause of a urogenital sinus as well 
as demonstration of its anatomical features 
can be achieved at a high confidence level 
using contrast studies and US to assess pel- 
vic structures and the adrenal glands. 
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4.3 Cloacal Malformation 

The cloacal malformation is the most complex 
type of imperforate anus with confluence of the 
rectum, vagina, and bladder into a single com- 
mon channel. Cloaca is exclusively seen in phe- 
notypic females and occurs in 1 of every 
40,000—50,000 newborns. Cloaca should not be 
confused with cloacal exstrophy, a malformation 
due to a failed closure of the lower abdominal 
wall seen in boys and girls. The diagnosis of clo- 
acal malformation includes a wide spectrum of 
pelvic and perineal anomalies (Jaramillo et al. 
1990; Hendren 1998). At the mild end of the 
spectrum is a persistent urogenital sinus opening 
with an anteriorly placed anus adjacent to it 
(incomplete cloaca), while in more severe mal- 
formations, all three tracts converge inside the 
pelvis (see also chapter “Urinary Problems 
Associated with Imperforate Anus”). Variants of 
the cloacal malformations include the presence 
of an accessory filiform channel or sinus that 
connects the bladder or urethra to the perineum, 
anomalies of the vagina, and the so-called poste- 
rior cloaca, where the urogenital sinus is posteri- 
orly placed and found to open either into the 
orthotopic rectum or perineally close to the nor- 
mal anus (Pena and Kessler 1998) (Fig. 23). 
Jaramillo et al. (1990) characterize the anatomy 
of persistent cloaca according to its urinary- 
cloacal or urinary-rectal communication pattern. 
Urinary-cloacal communication is called either 
urethrocloacal or vesicocloacal. 

Vaginal anomalies include bifid vagina, uni- 
lateral obstruction of one hemivagina, distal vagi- 
nal stenosis or atresia, the absence of the vagina, 
a mislocalized retrorectal vagina, and a bifid 
vagina communicating widely with the trigonal 
area of the bladder (Fig. 24) (Jaramillo et al. 
1990; Tolete-Velcek et al. 1989). 

Apart from the incomplete cloaca with two per- 
ineal openings, most patients present with a single 
perineal opening. The perineal anatomy varies 
from an almost normal female phenotype (Fig. 25) 
to a rudimentary phallic structure with poorly 
formed labia (Hendren 1998). Additional pelvic 
anomalies include fusion defects of the Miillerian 
ducts, with a duplication of the uterus in 55% of 
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Fig. 23 (Schematic representation of cloacal malformation 
variants. (a) Incomplete cloacal malformation: A persistent 
urogenital sinus opening is found adjacent to an anteriorly 
placed anus. (b) Posterior cloaca: The urogenital sinus 
derives posteriorly and opens in the anterior rectal wall at the 
anus or immediately anterior to it. (c) Urethrocloacal com- 
munication: The urethra empties into the proximal end of 
the cloaca and is well formed. (d) Vesicocloacal communi- 
cation: The urethra is rudimentary or absent. Rectal com- 
munication is called either vaginal or cloacal. (e) Vaginal 
communication of the rectum: The rectum usually joins the 
vagina low on its posterior wall. (f) Cloacal communication 
of the rectum: The rectum joins the cloaca 


Fig. 24 Schematic representation of cloacal variants and 
genital anomalies. (a) Bifid vagina and uterus, the rectal 
fistula enters at the base of the septum dividing the vagina. 
(b) Distal vaginal stenosis or atresia leading to hydrome- 
trocolpos. (c) Bifid uterus and vagina, unilateral obstruc- 
tion, and hydrometrocolpos. (d) Obstruction of the 
urogenital sinus resulting in distention of the vagina by a 
combination of genital secretion, meconium, and urine 


patients and obstruction of the genital tract in 25 % 
(Jaramillo et al. 1990; Blask et al. 1991a, b; Tolete- 
Velcek et al. 1989). Major renal anomalies such 
as renal agenesis, multicystic dysplasia, or renal 
ectopia are frequently associated with cloacal mal- 
formation. Vesicoureteral reflux usually occurs 
bilaterally and is sometimes associated with blad- 
der diverticula and ectopia of the ureter (Jaramillo 
et al. 1990; McLorie et al. 1987). The ureteral 
ostium might then be found in a lateral or inferior 
location in the bladder, the vagina, or the cloaca. 
In cases of functional bladder outlet obstruction, 
hydronephrosis is common (Rich et al. 1988; 
Hassink et al. 1996). Furthermore, cloacal mal- 
formation can be associated with anomalies of the 
pelvic osseous structures such as sacral agenesis 
or hypoplasia, dysraphism, and pubic diastasis. 
Pubic diastasis, if wider than 4 cm, is frequently 
associated with either duplication of the bladder or 
a common vesicovaginal or vesicocloacal cham- 
ber. In addition, lower spinal cord abnormalities 
such as lipomyelomeningocele, high cord, and 
most frequently (affecting one-third of all patients 
with cloacal malformation) tethered cord (Karrer 
et al. 1988; Metts et al. 1997; Barkovich 2012) are 
found. 

Except for the rare instances of incomplete 
cloaca, immediate colostomy is required to pre- 
vent fecal contamination of the urinary tract 
and renal damage, which is the most signifi- 
cant potential cause of morbidity and mortality 
in these patients. Obstruction of the cloaca may 
occur at any level and determines whether the 
proximal distended urinary and/or genital system 
is filled solely with genital secretions or con- 
tains urine and/or meconium as well (Fig. 24). In 
patients with urinary tract dilatation usually due 
to hydrocolpos placement of a vaginostomy, tube 
is required. Vesicostomy is rarely also needed 
(Levitt and Pefia 2010). Immediate correction 
of high-grade vesicoureteral reflux or another 
potentially life-threatening uropathy is essen- 
tial. In cases with a tethered cord, neurosurgical 
release may sometimes prevent neuronal defi- 
cits during growth but usually fails to alleviate 
already established neurological deficits. 

Definitive correction of the cloaca can now be 
performed between the ages of 6 and 24 months 


340 


(Hendren 1998). The prognosis of infants with 
cloacal malformations has improved significantly 
due to surgical repair techniques pioneered by 
Hendren and depends on the length of the com- 
mon channel on endoscopy. Children with a com- 
mon channel less than 3 cm length have a good 
prognosis and can usually undergo posterior sag- 
ittal anorectoplasty with total urogenital mobili- 
zation. Children with a common channel longer 
than 3 cm usually require additional laparotomy 
to provide extra colon length for pull-through. 
They are more likely to have long-term sequelae 
(Levitt and Pefia 2010). 


Take Away 

The diagnosis of cloacal malformation 
includes a wide spectrum of pelvic and 
perineal anomalies. Associated malforma- 
tions of the inner genitalia and urinary tract 
need to be considered. Operative manage- 
ment and prognosis depend on the length of 
the common cannel. 
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4.3.1 Diagnostic Imaging of Cloacal 
Malformation 

Prenatal US often fails to provide an early diagno- 
sis, and the large, sometimes septated, fluid-filled 
pelviabdominal mass is often mistaken for the uri- 
nary bladder. Fetal MRI may provide additional 
information about the presence or absence of a 
cloacal anomaly in a fetus with hydrometrocolpos, 
which is diagnosed by location, image morphol- 
ogy, and fluid signal intensity of the lesion (Servaes 
et al. 2010) (see also chapter “Urogenital Fetal 
Imaging: US and MRI’). 

After delivery the diagnosis of cloacal malfor- 
mation is suspected when, in addition to an 
absent anus, only one perineal orifice is found 
between the labia (Fig. 25). These patients need 
urgent referral to the pediatric radiology depart- 
ment for early definition of the abnormal anatomy 
and detection of associated malformations to 
adequately address potentially life-threatening 
complications. 

US is the most efficient first-step imaging tech- 
nique in the diagnostic work-up of these patients. 


Fig. 25 Cloacal malformation with uterus didelphys. (a) 
The perineal anatomy shows a female phenotype, but only 
a single perineal opening. Meconium is seen within the 
ostium of the cloaca. (b) Plain X-ray. The vagina is dilated 
(closed arrowheads) and contains air. A sagittal vaginal 
septum is visible (open arrowheads). (c) Transverse pel- 
vic scan: right (R) and left (L) cervix uteri behind the 
empty bladder. (d) Transverse pelvic scan at lower level 
than c shows the right and left vagina (V), urethra (open 
arrowheads), and the rectocloacal fistula (arrowhead). (e) 
Axial MR view (T2 weighted) of the fluid-filled vagina 
shows the sagittal vaginal septum with the rectocloacal 
fistula (closed arrowhead) and the dilated vagina halves 
with air-fluid levels. The open arrowhead marks the cath- 


eter. (f) Longitudinal pelvic scan shows the cloacal fistula 
(asterisk), rectum (R), and vagina (V). (g, h) Frontal and 
lateral view after contrast filling of the colon via colos- 
tomy demonstrates the rectum (R), the right and left 
vagina (V), and the rectocloacal fistula (arrowheads). (i) 
Transperineal sagittal scan: the urethra (U), vagina (V), 
and rectum (R) converge to a short common cloacal chan- 
nel (arrows). (j) Lateral view after contrast filling: the 
bladder (B), vagina (V), and rectum (R). Three separate 
catheters are inserted through the single perineal opening. 
(k) Lateral view during voiding after removal of the cath- 
eters in the rectum and vagina. The short common cloacal 
channel is clearly demonstrated (arrows). The bladder 
(B), vagina (V), and rectum (R) 
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Fig. 25 (continued) 


Early after birth, no or only a small amount of 
intestinal gas will be present, and a clearer docu- 
mentation of the intrapelvic structures can be 
obtained (Fig. 25). A pelvic mass, which is almost 
always a distended vagina and/or uterus, can read- 
ily be visualized (Blask et al. ). A fluid- 
debris level is frequently seen and the level of 
obstruction can be determined. If there is obstruc- 
tion of the common outlet, retrograde flow via the 


fallopian tubes may result in accumulation of 
intra-abdominal fluid. Depending on the level of 
obstruction, this fluid may consist of genital secre- 
tion only (obstruction lies above the communica- 
tion between the bladder, rectum, and vagina) or 
contains urine and/or meconium as well. Vaginal 
and bladder duplication as well as malformations 
of the uterus can be visualized. In cases of dupli- 
cated genital structures, care should be taken to 
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Fig. 26 Spinal cord anomalies in cloacal malformation. 
Newborn with (a) high-lying stubby conus (arrowheads). 
(b) With a tethered cord that extends into the sacral canal 
(open arrowheads). (c€) A 16 ¥2 -year-old girl after cloacal 
malformation repair. Tl-weighted image shows the cord 


document any obstruction (Tolete-Velcek et al. 
1989; Blask et al. 1991a). The distance between 
the blind end of the rectum and the perineum can 
accurately be measured by transperineal US 
(Teele and Share 1997). The US evaluation of the 
newborn is completed by analysis of the abdomen 
including the kidney and the spinal cord. The 
result of the US examination of the upper urinary 
tract is used to choose further diagnostic tests, 
such as MR urography or scintigraphy. 

In every patient with cloacal malformation, 
the spinal cord needs to be evaluated, since 
anomalies of the lower spinal cord occur with an 
incidence of up to 43%. The spinal cord can 
either be examined by means of spinal US during 
the neonatal period or, if necessary, using MR 
preferably imaging later in life. 

Sonographic features of spinal anomalies in 
patients with cloacal malformations are either a 
high-lying plump conus or a tethered cord with a 
thickened filum terminale (greater than 2 mm at 
L5-S1), a low-lying conus medullaris (the tip of 
the conus lies below the level of L2), a posterior 
position, and a restricted motion of the conus and 
filum terminale within the thecal sac. In some 
cases of tethered cord, no distinct filum can be 
seen, but the spinal cord is markedly elongated, 
extending downward to the lower end of the dural 
sac (Fig. 26). This feature is particularly common 
in caudal regression syndrome, frequently asso- 
ciated with anal atresia and cloacal malformation 
(Barkovich 2012). 


terminus opposite L1 vertebral body (arrowhead). The 
terminus of the spinal cord has a characteristic blunted or 
chisel-shaped appearance with greater preservation of the 
dorsal sensory portion of the conus 


After having obtained a good sonographic over- 
view of the pelvic anatomy, radiological examina- 
tion should then be continued with plain radiographs 
performed a couple of hours after birth to provide 
evidence of any distal bowel obstruction due to the 
accumulation of air (Fig. 25). Gas seen in the bladder 
indicates urinary-intestinal communication. A pel- 
vic mass is usually a distended vagina and/or uterus, 
secondary to obstruction. If this mass contains gas, it 
is a sign of a rectovaginal communication. Linear 
calcifications in the abdomen along the peritoneal 
surface are signs of calcifying peritonitis, which is 
not necessarily a result of congenital intestinal perfo- 
ration, but can occur whenever either meconium 
(Jaramillo et al. 1990) or genital secretion (Nidecker 
and Humphry 1978; Ceballos and Hicks 1979) spills 
into the peritoneal cavity via the fallopian tubes. 
Granular abdominal calcifications suggest calcified 
intraluminal meconium (enteroliths) due to mixing 
of urine and meconium that are commonly associ- 
ated with vaginal atresia or stenosis and rectovesical 
or rectourethral communication. 

The next step in the imaging process is fluoro- 
scopic studies using water-soluble contrast material 
to visualize the often unpredictable and erratic 
courses of the communication between the multiple 
structures and to provide functional information 
about reflux and competence of the urinary sphincter 
(Fig. 25). Contrast material is injected into the clo- 
aca using an 8-F feeding tube if the perineal opening 
is small. A wider opening may need partial sealing 
using the balloon of a Foley catheter or a nipple (the 
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Poznanski technique). Accessory perineal open- 
ings should be sought. A second rudimentary ure- 
thra (phallic urethra) is expected in cases where an 
additional small opening is found at the base or the 
tip of the clitoris (Jaramillo et al. 1990). Imaging 
during injection should begin in the lateral projec- 
tion to display the various communications. Frontal 
projections are useful to delineate vaginal or bladder 
duplications. A competent urethral sphincter can be 
expected when the bladder fails to opacify, and vag- 
inal obstruction or atresia is documented if contrast 
material fails to visualize the vagina. It might some- 
times be difficult to distinguish between the blad- 
der and the vagina. Contrast reflux into a ureter or a 
urachal remnant helps to identify the bladder; a cer- 
vical impression or a septum identifies the vagina. 
However, in our experience this cervical impression 
is often difficult to observe. 

Following the injection into the cloaca, an 
attempt to catheterize the bladder should be made 
to perform a voiding cystourethrogram, the only 
way to rule out vesicoureteral reflux. In some cases 
catheterization of the bladder may be difficult and 
needs to be supported by the use of a coudé cath- 
eter, cystoscopy, or suprapubic puncture. 

The rectum frequently fails to opacify after 
the injection of contrast material into the cloaca. 
In patients who have already had a colostomy, 
contrast material can be directly injected into 
the distal limb of the colostomy prior to retro- 
grade cloacal injection. This technique regularly 
demonstrates the level of rectal occlusion and the 
presence of communication between other pel- 
vic structures, making further cloacal injections 
unnecessary (Fig. 25). Most commonly, a balloon 
catheter is used to inject contrast material under 
moderate pressure to demonstrate the narrow 
communication between the organ systems. 

Even though not available at all pediatric 
institutions, rotational fluoroscopy and 3D recon- 
struction also have been shown to provide pre- 
cise anatomical information to facilitate accurate 
surgical planning of a cloacal malformation and 
to define prognosis regarding long-term bowel, 
bladder, and sexual function (Patel et al. 2011). 
Accurate 3D representation of all urogenital 
and hindgut components and connections is 
also possible with simultaneous performance of 
micturating cystogram, excretory urogram, and 


thin-section MDCT as demonstrated by Adams 
et al. 2006. 

Some authors recommend using MR imaging 
to delineate the anatomy of the inner genitalia 
prior to definitive surgical repair of the cloacal 
malformation (Metts et al. 1997; Tolete-Velcek 
et al. 1989). In selected cases MR imaging in 
combination with fluoroscopic imaging and ultra- 
sound may be helpful to unravel the anatomy. An 
orienting imaging algorithm on how to proceed 
with suspected anorectal malformations as well as 
procedural recommendations on the fluoroscopic 
and sonographic technique has been recently 
issued by the ESPR uroradiology task force (Lobo 
2015; Riccabona et al. 2017). 


Take Away 

To assess pelvic structures in cloacal mal- 
formation, US should be performed as soon 
as possible after birth since no or only a 
small amount of intestinal gas will be pres- 
ent. Fluoroscopic studies are mandatory to 
demonstrate the complex anatomy, to eval- 
uate the urinary tract and the details of the 
inner genitalia, and to delineate connec- 
tions and fistulas as well as the level of a 
possible obstruction. 


5 Important Ovarian 
Conditions 
5.1 Characteristics of the Normal 


Ovary 


During fetal life the ovaries descend from the 
upper abdomen into the pelvis. At birth they usu- 
ally are located within the mesovarium of the 
broad ligaments. On occasion descent is arrested 
and the ovaries may be found anywhere from the 
inferior edge of the kidney down to the broad liga- 
ment. Rarely, the ovaries descend below the broad 
ligaments and lie in the inguinal canal (Goske 
et al. 1984; Jedrzejewski et al. 2008) (Fig. 27). 
The shape of the ovaries is variable, although 
the majority of ovaries are ovoid. The presence of 
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small follicles (maximal diameter 10 mm) is a 
common and normal finding in children of all ages. 

In the neonate ovarian size is around | cm’. 
The ovaries contain frequently one or more 
follicles, which measure usually less than 
1 cm (Fig. 28). Between 6 and 12 months, 
when maternal hormonal influence subsides, 
size of the ovaries decreases progressively, 
averaging 0.7 cm? (Cohen et al. ). The 


ovaries are relatively stable in volume before 


Fig. 27 Neonatal ovary-containing indirect inguinal her- 
nia of the canal of Nuck. Longitudinal scan in the left 
inguinal area shows a subcutaneous oval mass containing 
small cysts (arrowheads). The appearance suggests that 
this mass is a neonatal ovary. The ovarian ligament (aster- 
isk) extends to the abdominal cavity through the neck of 
the canal of Nuck (arrows) 


Fig. 28 Normal ovarian appearance in the neonate. 
Transverse scan: The ovary contains multiple follicular cysts 


puberty, between the ages of two and nine 
(volume<2 cm?, small follicles <9 mm). 
From the age of nine onward, there is pro- 
gressive increase in the size of the ovaries. 
In response to gonadotropin stimulation, the 
ovaries migrate deeper into the pelvis, and the 
ovarian volume ranges between 2 and 4 cm’. 
After menarche the ovarian volume is more 
than 4 cm? (Ziereisen et al. ). Multiple 
cortical cysts representing stimulated and 
unstimulated follicles can be seen during each 
menstrual cycle (antral follicle 5-10 mm, 
Graafian follicle 15-30 mm, mature corpus 
luteum follicle 15-30 mm) (Siegel ). 


5.2 Ovarian Cysts 

Ovarian cysts in neonates are thought to be caused 
by follicular stimulation due to maternal hormones 
and have been found to be associated with hyper- 
secretion of placental hCG or increased placental 
permeability to hCG. Congenital ovarian cysts 
have also been reported in infants of diabetic 
mothers, in infants of mothers who had toxemia, 
a large placenta complicating Rh sensitization, or 
in infants suffering from adrenogenital syndrome 
(Silverman and Kuhn ; Topaloglu et al. ). 
Great variations exist in size of ovarian cysts, and 
cases where they occupy nearly the whole abdo- 
men are seen (Fig. 29). 


Fig. 29 Huge neonatal ovarian cyst. The cyst (C) is 
anechoic and extends to the upper abdomen. Liver (L), 
kidney (K), aorta (asterisk) 
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In childhood the incidence of ovarian cysts 
is lower than in neonates and postmenarchal 
girls according to low levels of gonadotropin 
and estradiol production. Nonetheless follicular 
maturation and involution is going on through- 
out childhood. Unilateral or bilateral ovarian 
follicular cysts of various sizes are frequently 
observed in girls with precocious puberty (onset 
of secondary sexual characteristics before 8 
years of age). These cysts may either be second- 
ary to ovarian stimulation by an increased level 
of circulating pituitary gonadotropins (central 
precocious puberty) or functional cysts simi- 
lar to those seen in normal girls (partial preco- 
cious development). However, in some cases a 
large ovarian cyst may assume an autonomous 
function and be responsible for precocious 
puberty due to excessive estrogen production. 
In these instances, imaging of uterus length 
and quality of the endometrium helps to assess 
estrogenization. 

Bilateral ovarian cysts in older girls are often 
found in association with cystic fibrosis, untreated 
hypothyroidism (Lindsay et al. 1983), Cushing 
syndrome, and other endocrinopathies with 
increased circulating androgen levels. Bilateral 
ovarian enlargement with discrete cysts has been 
seen in children with McCune-Albright syn- 
drome (fibrous dysplasia, patchy cutaneous pig- 
mentation, sexual precocity) (Rieth et al. 1981) 
and in patients suffering from polycystic ovarian 
disease. 

In polycystic ovarian disease, both of the 
generally enlarged ovaries contain many small 
follicular cysts (2-6 mm), but larger cysts may 
also be present. Polycystic ovarian syndrome 
(Stein-Leventhal syndrome) is characterized by 
the association of polycystic ovaries with irregu- 
lar menses, prolonged uterine bleeding, amenor- 
rhea, anovulation, and often hirsutism and 
obesity. The clinical manifestation of this syn- 
drome begins at or shortly after puberty. 

According to their sonographic appearance, a 
simple and a complex cyst have been described. 
Simple cysts have a thin wall, an anechoic 
content, and no calcifications or associated 
mass. A daughter cyst is a specific sonographic 
finding for an ovarian cyst and should not be 


considered as complex (Lee et al. 
(Fig. 30). 

Complex cysts show a fluid-debris level, 
a retracting clot, or thick septae as a result 
of salpingo torsion and subsequent ovarian 
infarction or hemorrhage into a simple cyst 
(Fig. 31 and 32). 

To differentiate between a hemorrhagic ovar- 
ian cyst and a complex ovarian mass, like a tumor 
or dermoid cyst, may not be possible on imaging. 
Follow-up imaging of hemorrhagic cysts 
demonstrates decrease in size over the next men- 
strual cycle and resolves over two to three men- 
strual cycles. Lesions, which do not resolve or 
grow, need further surgical evaluation. 

Controversy still exists about the manage- 
ment of ovarian cysts as to whether conservative 
(close observation), intermediate (percutaneous 
needle aspiration of large simple cyst under 
sonographic guidance, percutaneous drainage 
of complex cysts), or aggressive (surgical 
removal) therapy of ovarian cysts is more 
appropriate. 

In general, most ovarian cysts are functional 
in nature and usually will resolve spontaneously 
(Brandt and Helmrath 2005). Miiller-Leisse 
et al. (1992) demonstrated considerable regres- 
sion of the ovarian cysts in conservatively 
treated neonates, regardless of the sonographic 
appearance of the cyst and, therefore, recom- 
mend conservative treatment in asymptomatic 


2000) 


Fig. 30 Neonatal ovarian cyst. Transverse scan. The cyst 
(arrowheads) contains small “daughter cysts” (asterisks), 
representing follicles 
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Fig.31 Congenital ovarian cyst complicated by intrauterine 
adnexal torsion. (a) Longitudinal sonogram of the right 
hemiabdomen at the age of 2 months shows a large cyst 
(arrowheads) with a fluid-debris (blood) level (arrow). The 
necrotic ovary (open arrows) is highly echogenic (calcified). 


(b) Plain abdominal radiograph shows a soft tissue mass in 
the right lower quadrant (arrowheads) with the calcified 
ovary (open arrowheads). (c) Photograph taken at time of 
surgery shows the hemorrhagic ovarian cyst, the necrotic 
ovary (arrow), and the torsed fallopian tube (arrowhead) 


Fig. 32 (a) Ovarian torsion. High-resolution oblique 
sonogram through the left lower abdomen in a 4-month- 
old girl demonstrates an enlarged left ovary (arrows) with 
fluid-debris level in follicular cysts (open arrowhead) 
indicative of hemorrhagic infarction (b). A 17-year-old 


patients and percutaneous puncture of space- 
occupying cysts. 

Surgical evaluation is indicated if the diagnosis 
is in question; the cyst persists or is symptomatic. 

Most pediatric surgeons for the treatment of 
ovarian cysts favor laparoscopy. If surgical 
exploration is performed, every attempt to sal- 
vage the gonad should be made. Simple cysts 
should be fenestrated. Complex or functional 
cysts should be excised, with preservation of the 
remaining ovary. Viable ovarian tissue may still 
be present, even if macroscopically invisible 
(Brandt et al. ; Brandt and Helmrath S). 


girl with left ovarian torsion. Transabdominal axial high- 
resolution US reveals fluid-debris levels (white arrow- 
heads) in peripheral follicles (black arrowheads) of the 
enlarged ovary (arrows) indicative of hemorrhagic 
infarction 


Take Away 

The presence of small follicles (maximal 
diameter 10 mm) is a common and normal 
finding in children of all ages. A daughter 
cyst is a specific sonographic finding for an 
ovarian cyst. Most ovarian cysts are func- 
tional in nature and will usually resolve 
spontaneously. Surgical evaluation is indi- 
cated if the diagnosis is in question; the 
cyst persists or is symptomatic. If surgical 
exploration is performed, every attempt to 
salvage the gonad should be made. 
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5.3 Ovarian Torsion 

Ovarian torsion results from partial or com- 
plete twisting of the ovarian pedicle on its 
axis. With progressive torsion, there is ini- 
tial compromise of lymphatic drainage, which 
causes enlargement of the ovary due to lym- 
phatic edema. This is followed by venous 
obstruction and hemorrhagic infarction. The 
final step is interruption of the arterial blood 
supply, which can result in gangrene, infec- 
tion, peritonitis, and its sequelae (Graif and 
Itzchak 1988). 

Torsion occurs in normal ovaries, but more 
frequently in ovarian masses that increase the 
risk of torsion. 

Torsion may also occur antenatally and may 
not be always symptomatic (Nussbaum et al. 
1988) (Fig. 31). In the neonate it may cause fever, 
irritability, vomiting, leukocytosis, and abdominal 
tenderness. In all age groups, clinical presentation 
is nonspecific and includes pelvic pain, nausea, 
and vomiting (Meyer et al. 1995) and may mimic 
appendicitis. The possibility of ovarian torsion 
should, therefore, be considered in every female 
patient with pelvic pain. Symptoms often occur 
repeatedly, suggesting recurrent torsion and detor- 
sion. Undiagnosed and untreated ovarian torsion 
commonly results in loss of the ovary and may 
lead to infertility. Timely diagnosis is mandatory 
to avoid these complications. Management of sus- 
pected ovarian torsion should have the same pri- 
ority as the surgical emergency management of 
testicular torsion. 

Sonography is the imaging modality of choice 
to evaluate girls with suspected torsion because it 
involves no ionizing radiation to the patient, is 
immediately available, and provides good visual- 
ization of pelvic organs. Several characteristic 
sonographic features of ovarian torsion in chil- 
dren have been described: 

Enlargement of the ovary is one of these signs. 
The mean volume of the torsed ovary is, on aver- 
age, 12 times that of the normal contralateral side 
(Servaes et al. 2007). However, this diagnostic 
sign is nonspecific and can also be seen in other 
ovarian mass lesions, such as benign or malig- 
nant tumor, hemorrhagic or simple ovarian cyst, 


endometrioma or tubo-ovarian abscess, which 
are more common in postmenarchal adolescents. 

Multiple cortical follicles (8—15 mm in size) 
in the periphery of a unilaterally enlarged ovary 
have been reported in up to 74% of patients 
with ovarian torsion (Graif et al. 1984). 
Multifollicular enlargement has been attributed 
to transudation of fluid into the follicles as part 
of congestion of the ovary from circulatory 
impairment and should be considered presump- 
tive evidence of torsion. 

Color and spectral Doppler sonography can 
provide important information regarding ovarian 
vascularity. Studies have shown that while the 
absence of blood flow does indeed indicate tor- 
sion (provided Doppler is sensitive enough to 
depict ovarian blood flow), maintenance of 
blood flow does not exclude the diagnosis (Hurh 
et al. 2002). Possible explanations for this are (1) 
a dual blood supply from the ovarian and uterine 
arteries that provides persistent arterial flow 
even when the ovary is torsed, (2) intermittent 
torsion with the Doppler findings being depen- 
dent on whether torsion is present at the time of 
examination (Pefia et al. 2000), or (3) partial tor- 
sion that compromises venous flow with limited 
or no effect on arterial flow (Hurh et al. 2002). 

Circulatory impairment in the torsed ovary 
leads to transudation of fluid and hemorrhage in 
the follicles of the ovary. Using high-resolution 
US, transudation can be seen as fluid-debris lev- 
els in these peripheral follicles at least in 
advanced stages of the disease (Fig. 32). This 
should be considered as a highly specific finding 
that may facilitate the immediate and correct 
diagnosis of ovarian torsion and is indicative of 
hemorrhagic infarction (Kiechl-Kohlendorfer 
et al. 2006). 

A twisted vascular pedicle and the whirlpool 
sign are also promising findings. At gray-scale 
US the twisted vascular pedicle appears as a 
round hyperechoic structure with multiple con- 
centric hypoechoic stripes (target appearance), 
as a beaked structure with concentric low echoic 
stripes, or as an ellipsoid or tubular structure 
with internal heterogeneous echoes (Lee et al. 
1998). At color Doppler sonography (CDS) of the 
twisted vascular pedicle, visualization of circular 
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or coiled vessels is the whirlpool sign. The ova- 
ries without flow in the vascular pedicle at CDS 
were necrotic or infarcted at surgery (Lee et al. 
1998; Vijayaraghavan 2004). Thus, the whirlpool 
sign may also be helpful in determination of pre- 
operative ovarian viability (Chang et al. 2008). 
However, this depends on accessibility and also to 
a certain extent on patient age. 

As additional, nonspecific finding free pelvic 
fluid in the cul-de-sac has been detected with US 
in one- to two-thirds of the reported cases of 
ovarian torsion (Graif et al. 1984), and medial 
displacement of the torsed ovary to the midline 
may be a helpful sign (Siegel 2011) (Fig. 33). 

The role of CT has expanded, and it is 
increasingly used in evaluation of abdominal 
pain. Common CT features of ovarian torsion 
include an enlarged ovary, uterine deviation 
to the twisted side, smooth wall thickening of 
the twisted adnexal cystic mass, fallopian tube 
thickening, peripheral cystic structures, and 
ascites (Chang et al. 2008). Although CT shows 
features suggestive of torsion, the study of 
Chiou et al. (2007) demonstrated that the diag- 
nostic value of initial CT was less than that of 
initial US; furthermore CT is not recommended 
as the first-step imaging in infants and children 
with lower abdominal pain or suspicion of ovar- 
ian torsion (Ording-Miiller 2015; Riccabona 
et al. 2017). 

An MRI study can be helpful in selected cases, 
when the symptoms of torsion are subacute/ 
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chronic or recurrent in nature, but it should not 
delay emergency management. 

Similar to US in MRI a twisted vascular 
pedicle between the enlarged ovary and uterus 
may be shown. Enlargement of the ovary and 
multiple follicles separated by edematous 
stroma characterize early stages of torsion 
(Togashi 2003). Hyperintense signal of 
enlarged ovarian stroma on T2-weighted 
images indicates edema (Ghossain et al. 2004; 
Haque et al. 2000) (Fig. 33). With hemorrhagic 
necrosis, the lesion may exhibit high intensity 
on Tl-weighted images (Rha et al. 2002; 
Minutoli et al. 2001). Enhancement on post- 
contrast MR images identifies viable tissues in 
the affected ovary (Haque et al. 2000) (Fig. 33). 
Lack of enhancement in the torsed ovary is 
consequence of complete interruption of blood 
flow and is a delayed sign suggesting hemor- 
rhagic infarction of the lesion (Rha et al. 2002). 
Diffusion-weighted sequences may show diffu- 
sion restriction — some advocate to use low 
ADC values as an indicator of hemorrhagic 
infarction (Kato et al. 2014). 

When ovarian torsion is suspected, urgent sur- 
gical intervention is indicated and is usually per- 
formed by laparoscopy. Despite macroscopic 
appearance of early necrosis, the twisted isch- 
emic ovary may be successfully reperfused by 
detorsion. Adnexectomy should be avoided as 
ovarian function is preserved in 88—100% of 
cases (Oelsner and Shashar 2006). 


Fig. 33 An 11 %-year-old girl with adnexal torsion. (a) 
Left oblique sonogram, (b) axial T2-weighted MR image, 
and (c) axial postcontrast Tl-weighted MR image. 
Enlarged medially displaced left ovary (arrows) with 
increased stromal echogenicity (a) hyperintense stroma 


(b) reflecting edema and containing peripheral follicles. 
Postcontrast Tl-weighted image (c) shows heteroge- 
neous enhancement in the ovarian stroma and the wall of 
the follicles. The right ovary (arrowheads) is normal. 
Bladder (B) 
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Take Away 

Imaging characteristics of ovarian torsion 
are unilaterally enlargement and medial 
displacement of the torsed ovary, multiple 
cortical follicles in the periphery of the 
ovary, whirlpool sign of the vascular pedi- 
cle, fluid-debris levels in peripheral folli- 
cles indicating hemorrhagic infarction, and 
free fluid in the cul-de-sac (nonspecific). 
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A great variety of congenital and acquired condi- 
tions may affect the male genital tract, many of 
them rarely encountered by radiologists, as a 
thorough history and clinical examination will 
reveal their nature and guide treatment. Most 
often the indication for imaging of congenital 
anomalies is to establish the extent of disease and 
detect associated anomalies to inform decision- 
making with regard to management, whereas in 
conditions like vascular malformations, imaging 
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is necessary to guide treatment before the malfor- 
mation becomes potentially debilitating. The true 
emergency of spermatic cord torsion is discussed 
in more detail, as correct management can be 
challenging. Malignancy is thankfully rare in 
children, but must always be kept in mind by the 
vigilant radiologist. 

The intention of this chapter is to provide an 
overview the conditions where imaging has a role 
in the diagnosis and follow-up of the disease. 


2 Imaging Technique 
and Normal Imaging 
Anatomy 


Ultrasonography (US) is the modality of choice 
in most queries of the male genital tract. It is 
dynamic, readily available, offers assessment of 
circulation and has excellent resolution, particu- 
larly in superficial tissues. The role of elastogra- 
phy (for instance, in suspected malignancy) and 
intravenous contrast enhancement (for instance, 
in testicular torsion) is yet to be defined, partic- 
ularly in children. Modern equipment offers 
improved reproducibility with the option of 
video storage. The examination should take 
place in a comfortable environment with the 
patient supine and the scrotum supported by a 
towel. Remember to respect the privacy of even 
a young patient. The inguinal canal, scrotum 
and penis are examined with a high-frequency 
linear transducer in a systematic matter includ- 
ing greyscale and colour and spectral Doppler 
assessment of the relevant structures. The latter 
can be challenging in prepubertal boys; thus it 
may be helpful to first calibrate the Doppler set- 
tings on the asymptomatic side. 

Normal scrotal layers are thin and not dis- 
cernible at US. The prepubertal testicle (ss) is 
smaller (typical volume of 1—2 ml) and has a 
lower reflectivity than in adults (Hamm and 
Fobbe 1995). The thin, echogenic surface of the 
testicle is the tunica albuginea (Figs. | and 6). 
Projections from the tunica albuginea form 


Fig. 1 Normal prepubertal testicle. The testicle is oval, of 
homogeneous structure and of intermediate echogenicity. 
In this boy the mediastinum (arrow) is highly reflective, 
whereas the tunica vaginalis (arrowhead) is barely visible 


Fig. 2 Oblique longitudinal plane of most of a normal 
epididymis (arrow and arrowheads) in a 12 y.o. The epi- 
didymal head (arrow) is seen as a triangular structure 
expected to be in close proximity to the upper pole of the 
testicle (asterisk) 


septa (sometimes visible) and the echogenic 
mediastinum where the rete testis drains into the 
epididymis (Fig. 1). The epididymis is seen pos- 
terior to the testicle as a tubular structure of 
equal or slightly higher echogenicity (Fig. 2). 
The intrascrotal appendages are five small, oval 
and often pedunculated structures potentially 
seen at their respective locations, particularly in 
the presence of a hydrocele. 

Three main arteries and their interconnecting 
anastomoses supply the scrotum and its contents: 
the testicular artery (testicle and epididymis), 
cremasteric artery (paratesticular tissue) and def- 
erential artery (vas deferens). Of particular inter- 
est is the low-resistance spectral Doppler tracing 
of a normal testicular artery, the normal resistive 
index is in the area of 0.54, and is independent of 
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Fig.3 Normal width and course of the inguinal canal and 
spermatic cord in a prepubertal boy. The spermatic cord 
and its vessels has a straight (as here) or slightly tortuous 
course to the testicle 


Fig. 4 Ventral, transverse view of a normal penis in a 
teenager. The corpus spongiosum (asterisk) is easily com- 
pressed (as here) and then becomes more echogenic than 
the paired cavernous bodies. Note the cavernosal arteries 
(arrowheads), the highly echogenic tunica albuginea 
(arrows) and the shadowing by the tunica albuginea not to 
be misinterpreted as a pathological finding 


age and volume (Schneble et al. 2011). The main 
venous drainage of the testicle and epididymis is 
through the pampiniform plexus to the testicular 
veins. 

The spermatic cord contains the vessels and 
the vas deferens (Fig. 3). It is surrounded by a 
thin echogenic sheath and courses the inguinal 
canal as a straight, tubular structure of no more 
than 10 mm thickness (Baud et al. 1998). 

The penile shaft consists of the ventral cor- 
pus spongiosum surrounding the urethra and the 
paired dorsal cavernous bodies enveloped by the 
tunica albuginea and connective tissue (Fig. 4). 
The influx of blood decreases the echogenicity 
of the cavernous bodies during tumescence. The 
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main arterial supply is from the internal puden- 
dal artery via its branches. The cavernosal artery 
supplies the erectile tissue of the cavernous 
bodies. 

The main role of magnetic resonance imaging 
(MRI) is to provide detailed (usually intrapelvic) 
information about complex congenital anoma- 
lies, to reveal metastatic disease and to unravel 
complicated scrotal disease. MRI may also show 
the extent of vascular lesions, and if available, 
both MRI (using DWI and contrast enhancement) 
and scintigraphy can reliably diagnose testicular 
torsion (Paltiel et al. 1998; Watanabe et al. 2007; 
Maki et al. 2011), but is rarely used for this 
purpose due to the potential treatment delay. 
Computed tomography is irrelevant except in 
detection of pulmonary metastatic disease and in 
staging of malignant conditions if MRI is 
unavailable. 


Take Away 
Ultrasonography is the primary choice for 
imaging male genital queries. 


3 Embryology of the Male 
Genital Tract 


Development of the male gender begins in ges- 
tational week seven when somatic support cells 
in the genital ridges differentiate into Sertoli 
cells. Sertoli cells then recruit Leydig cells and 
secrete the Miillerian-inhibiting substance nec- 
essary to induce regression of the female genital 
precursors. Leydig cells secrete the testosterone 
needed to stabilise the mesonephric duct and 
promote its differentiation into the epididymis, 
vas deferens, seminal vesicles and ejaculatory 
ducts, and they also convert testosterone to 
dihydrotestosterone — essential for the develop- 
ment of the male urethra, penis, scrotum and 
prostate gland. 

From the eighth week the inguinal canal and 
the vaginal process develop in conjunction as 
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caudal evaginations of the abdominal wall and 
peritoneum, respectively. During its elongation to 
the scrotum, the vaginal process precedes the tes- 
ticle and becomes ensheathed by the layers of the 
abdominal wall (Biasutto et al. 2009). The testi- 
cle moves towards the future inguinal canal by 
the regression of the cranial suspensory ligament 
and the swelling and shortening of the gubernac- 
ulum (Hutson 2013). The gubernaculum widens 
the internal inguinal ring, where it keeps the tes- 
ticle positioned until its descent into the scrotum. 
The influence of the gubernaculum, hormonal 
factors and abdominal pressure on the testicular 
descent through the inguinal canal to the scrotum 
is not well understood. 


Take Away 

Knowledge and understanding of the 
embryological development of the male 
genital tract is essential to understand con- 
genital anomalies and to properly read 
imaging studies. 


4 Congenital Anomalies 


4.1 Hypospadias 

With an annual incidence of 1—4 per 1000, hypo- 
spadias is one of the most common congenital 
anomalies of the male genital tract. It is caused 
by incomplete formation of the urethra resulting 
in an ectopic urethral meatus seen anywhere 
along the ventral penis, scrotum or perineum, and 
the meatus’ position is commonly used for clas- 
sification (Tekgul et al. 2015). 

Imaging rarely influences surgical manage- 
ment, but occasionally the surgeon may request 
a retrograde urethrography (RUG) (Riccabona 
et al. 2015) and subsequent voiding cystoure- 
thrography (VCUG) (Riccabona et al. 2008) to 
assess the urethra, bladder function and vesi- 
coureteral reflux (VUR). Contrary to previous 
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statements, a recent review concluded that there 
is no relationship between the severity of hypo- 
spadias and the prevalence of associated urogeni- 
tal anomalies, and the authors also disputed the 
need for screening of the renal tract (Chariatte 
et al. 2013). However, in the setting of severe 
hypospadias and non-palpable testicles or ambig- 
uous genitalia, thorough assessment for disorders 
of sexual development is recommended, in par- 
ticular exclusion of the potential life-threatening 
bilateral adrenal hyperplasia. 

Up to 25% of patients experience surgical 
complications, in which imaging may help detect 
conditions such as anastomotic leakage (resulting 
in urethrocutaneous fistulas), strictures, aneurys- 
mal dilatation of the neourethra or stone forma- 
tion (Milla et al. 2008; Tekgul et al. 2015). 


4.2 Penile Anomalies 
A thorough clinical examination reveals the 
nature of penile anomalies such as phimosis, 
paraphimosis and penile curvature (dorsal, lateral 
or ventral) and the webbed and concealed forms 
of inconspicuous penis. Micropenis is a subtype 
of inconspicuous penis most commonly caused 
by insufficient secretion or action of testosterone, 
where cerebral MRI to assess the hypothalamic- 
pituitary axis is part of the endocrinological 
workup (Wiygul and Palmer 2011). In congenital 
megaprepuce (a subtype of concealed penis) and 
trapped penis, symptoms of obstruction and infec- 
tion may call for exclusion of other causes of 
lower urinary tract infection. Aphallia is a rare 
anomaly in which the penis is absent or rudimen- 
tary. MRI will demonstrate the absence of the cor- 
pora cavernosa and corpus spongiosum, which is 
of clinical importance because, unlike in micrope- 
nis, testosterone treatment has no effect due to the 
lack of growth potential. More than 50% of the 
patients have associated anomalies, in particular 
genitourinary, which MRI may be helpful to 
delineate (Goenka et al. 2008). 

In the rare instance of duplication of the penis, 
US or preferably MRI helps classify the anomaly 
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and delineate the associated anomalies such as 
bladder duplication, imperforate anus, rectosig- 
moid duplication, bifid scrotum and vertebral 
anomalies (Gyftopoulos et al. 2002). 


4.3 Scrotal Anomalies 

Penoscrotal transposition, ectopic or accessory 
scrotum, bifid scrotum, scrotal hypoplasia and 
scrotal agenesis are all rare conditions seen in 
conjunction with, but not restricted to, anomalies 
of the urogenital tract. A detailed outline of these 
associations is beyond the scope of this text. US 
may detect the cryptorchid testicle in ectopic 
scrotum and scrotal agenesis or hemiagenesis, as 
well as the upper urinary tract anomalies of peno- 
scrotal transposition and ectopic scrotum, whereas 
MRI is necessary to outline the VACTERL pat- 
tern of anomalies in an accessory scrotum. 


Take Away 

Imaging is usually redundant for diagnos- 
ing anomalies of the male genital tract, 
but may be necessary to delineate the 
extent of pathology and to assess surgical 
complications. 


5 The Inguinal Canal, Hernias 
and Hydroceles 


Hydroceles and hernias are the most common 
causes of swelling of the groin in children. The 
primary variants are communicating, funicular 
and encysted hydrocele and result from a failed 
closure of the vaginal process. On US, uncompli- 
cated hydroceles are anechoic masses with a strik- 
ing through transmission. Communicating 
hydroceles (Fig. 5) are more common on the right 
side in infants and premature boys. Prognosis is 
excellent with up to 90% spontaneous regression 
within the first year of life (Naji et al. 2012). 

The presence of omental fat, bowel wall sig- 
nature or peristalsis defines an inguinal hernia 
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Fig. 5 Right-sided hydrocele communicating with the 
peritoneal cavity through a patent vaginal process 
(arrows) in a 6 y.o. The fluid was easily compressed 


Fig. 6 Widened inguinal canal containing a bowel loop 
(asterisk) in manifest inguinal hernia. The echogenic 
tunica albuginea (arrow) at the testicular surface is easily 
appreciated in the presence of a hydrocele (Image cour- 
tesy of Dr. T. Kohler) 


(Fig. 6). Hernias are important to detect because 
they require prompt elective surgery due to the 
risk of incarceration (Zamakhshary et al. 2008). 
Meticulous scanning of the inguinal canal includ- 
ing Valsalva’s manoeuvre is indicated to increase 
sensitivity, because the intra-abdominal content 
may retract with the child lying supine. 

Complications include haemorrhage (haemato- 
cele), infection (pyocele) or obstructive symptoms 
from large hydroceles like the rare abdominoscro- 
tal hydrocele — a condition where the ipsilateral 
testicle is typically elongated or fusiform (Vaos 
et al. 2014). It is important to assess intratesticular 
Doppler in large hydroceles as increased intrascro- 
tal pressure may develop and compromise testicu- 
lar circulation (Dagrosa et al. 2015). 

Simple hydroceles presuppose a confined 
vaginal process to allow a collection of fluid 
within the parietal and visceral layer of the 
tunica vaginalis. The aetiology often remains 
unknown, though it can be associated with 
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infection, trauma or tumour which is more com- 
monly seen in adolescence and adulthood 
(Cimador et al. 2010). 


Take Away 
Because of the risk of incarceration, it is 
most important do discern hernias from 
hydroceles. 


6 Cryptorchidism 


Cryptorchidism is present in 1 % of boys aged 
1 year and particularly common in low-birth- 
weight individuals (Sijstermans et al. 2008). 
The development is not well understood but 
involves both genetic and environmental fac- 
tors. The testicles are expected to be in the 
scrotal position from 6 months of age. 
Relocation is indicated within 18 months of 
age due to the increased risk of malignancy, 
reduced fertility, testicular torsion and inguinal 
hernia. Prepubertal orchiopexy reduces, but 
does not eliminate, the risk of testicular malig- 
nancy (Walsh et al. 2007). 

According to guidelines experienced exam- 
iners (i.e. surgeons) are expected to identify all 
extra-abdominal testicles by palpation (Kolon 
et al. 2014). Hence, in most cases imaging is 
regarded unnecessary and has also been found 
to cause significant delay to definite treatment 
(Kanaroglou et al. 2015). However, if US is 
undertaken, the typically small and hypoechoic 
testicle is often identified in the inguinal, fem- 
oral, paravesical, penile or perineal region 
(Fig. 7). If a testicle is not found and suspected 
to be intra-abdominal, no further imaging is 
advocated for two reasons: US and MRI cannot 
reliably confirm the presence or absence of the 
testicle, and laparoscopy is indicated to iden- 
tify, relocate or resect the testicle or its rem- 
nant in any way (Tasian and Copp 2011; 
Krishnaswami et al. 2013). If an abdominal 
survey is done, an assessment of the renal tract 
is often included. 
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Fig 7 Cryptorchidism. The right testicle (+...+) located 
next to the urinary bladder (BL) 


Take Away 
Thorough clinical examination is regarded 
sufficient for the diagnosis of cryptorchidism. 


7 Acute Scrotum 


The three most common causes of acute scrotal 
pain in children and adolescents are torsion of 
one of the testicular appendages, testicular tor- 
sion and acute epididymitis. The main cause of 
scrotal swellings in the neonate is hydroceles; the 
important differentials are testicular torsion and 
tumours. A detailed description of all possible 
differential diagnoses is beyond the scope of this 
text. 

The clinical history, symptoms and signs of an 
acute scrotum are variable and do not clearly dif- 
ferentiate between the causes, making correct 
management challenging. Due to the early onset 
of irreversible injury, immediate surgical treat- 
ment is indicated when spermatic cord torsion is 
the most likely diagnosis. In equivocal cases, non- 
delayed inguinoscrotal US is the preferred exami- 
nation, as it is fast, available, non-invasive and 
reliable when adequately performed. Scintigraphy 
and MRI both perform well, but are hampered by 
availability, duration, cost, need for venous access 
and radiation (scintigraphy only). Imaging algo- 
rithms for suspected testicular torsion in neonates 
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and children, respectively, have recently been 
suggested (Riccabona et al. 2015). 


7.1 Torsion of the Spermatic Cord 


in Children and Adolescents 


Testicular torsion is most commonly seen in early 
adolescence, after the age of ten. There is also a 
peak in neonates and young infants, but it may 
occur at all ages. About 90% of torsions are 
intravaginal due to the ‘bell-clapper’ appearance 
in which the distal spermatic cord, epididymis 
and testicle are encircled by the tunica vaginalis. 
No single symptom or sign is able to confirm or 
rule out testicular torsion, and attempts to predict 
testicular torsion from the history and clinical 
findings trade a high sensitivity for a low speci- 
ficity (Srinivasan et al. 2011; Boettcher et al. 
2012). Because sole reliance on colour Doppler 
sonography (CDS) is associated with false-nega- 
tive examinations, the preferred US technique 
includes meticulous inguinoscrotal greyscale and 
a complete Doppler examination (i.e. including 
the assessment of intraparenchymal spectral 
Doppler flow pattern) in combination (Kalfa 
et al. 2007). 

All testicular findings are indirect signs of the 
underlying pathology, i.e. the twisted vascular 
pedicle. The typical US finding in a twisted sper- 
matic cord is a snail-shaped mass displacing the 
epididymis away from the upper pole of the tes- 
ticle (Fig. 8). However, any focal or general 
thickening or loss of the straight or slightly tortu- 
ous course of the spermatic cord and its vessels 
(whirl pool or spiral sign) is suspicious of a sper- 
matic cord torsion in acute scrotal pain (Baud 
et al. 1998). The ipsilateral epididymis is usually 
enlarged with circulation equal to that of the tes- 
ticle. Additional extratesticular findings in sper- 
matic cord torsion are thickened scrotal skin and 
hydrocele. 

The affected testicle is typically enlarged and 
rounded with a coarse echostructure, and its 
echogenicity changes in association with the 
duration and severity of the torsion from hyper- 
echoic to hypoechoic or heterogeneous (Figs. 8 


Fig. 8 Acute testicular torsion. The typical snail-shaped 
appearance of the twisted spermatic cord seen as a pseu- 
domass (arrow) between the epididymis (asterisk) and the 
testicle (arrowhead). The testicle is enlarged with a coarse 
structure, and there is an accompanying hydrocele (Image 
courtesy of Dr. C. Baud) 


Fig. 9 Right-sided testicular torsion. The right testicle 
(asterisk) displays signs of spermatic cord torsion with 
enlargement, a coarser structure and lack of internal 
Doppler, as opposed to the contralateral normally per- 
fused testicle (arrowheads). It is important to not interpret 
capsular Doppler (arrows) as proof of internal perfusion 


and 9). Intratesticular blood flow assessed with 
CDS or power Doppler may be absent (complete 
torsion) (Fig. 9), reduced (incomplete or partial 
torsion) or increased (intermittent torsion). 
Assessment of intratesticular blood flow in young 
boys can be challenging, but is often possible 
with modern equipment. The Doppler examina- 
tion should include spectral analysis of the intra- 
testicular parenchymal arterial circulation, which 
may be the only finding that differentiates inter- 
mittent torsion from acute epididymitis. In the 
right clinical setting, any Doppler asymmetry 
raises suspicion of testicular torsion. 
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Perinatal Torsion 
of the Spermatic Cord 


7.2 


The more rare perinatal testicular torsion is extra- 
vaginal and has a poorer salvage rate. The findings 
at clinical examination and US are time depen- 
dent. In an intrauterine event, the expected finding 
at birth would be a firm, non-tender scrotal mass, 
lack of the cremasteric reflex and a corresponding 
size-reduced, non-perfused, hypoechoic testicle 
with calcifications at US (Fig. 10). Such a testicle 
is necrotic and cannot be salvaged. In a perinatal 
(or neonatal) event, the more likely clinical find- 
ings are a non-translucent scrotal swelling, skin 
discoloration and varying degrees of tenderness 
and retraction of the testicle. At US, the testicle is 
enlarged with any echogenicity and altered perfu- 
sion (Fig. 11) (Ricci et al. 2001). Prediction of 
viability is uncertain. 

The management of these boys is controver- 
sial due to historically low salvage rates and the 


Fig. 10 Long-standing perinatal testicular torsion. The 
left (Lt) testicle is size reduced and inhomogeneous with 
hyperechoic areas suggestive of calcification 
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Take Away 

Immediate surgical exploration is indicated 
if there is any doubt whether the testicular 
circulation is compromised. Imaging should 
be reserved to equivocal cases and must not 
delay surgical treatment. 


risk, albeit small, of general anaesthesia in neo- 
nates. A recent systematic review found an over- 
all salvage rate of 9% for the entire group, but 
noteworthy, 23 out of the 24 testicles that were 
salvaged had undergone immediate surgery, and 
the overall salvage rate in the emergency group 
was 21% (Nandi and Murphy 2011). Also in 
favour of emergency exploration and bilateral 
orchiopexy is the risk of (asynchronous) bilat- 
eral disease. For these reasons the European 
Association of Urology considers perinatal tes- 
ticular torsion an emergency (Tekgul et al. 2015). 


8 Other Causes of Acute 
Scrotum 
8.1 Torsion of the Intrascrotal 


Appendages 


The testicular appendages are remnants of the 
mesonephric and paramesonephric ducts. Torsion 
of a testicular appendage typically occurs in pre- 
pubertal boys and is indicated by insidious onset 


Fig. 11 Acute perinatal testicular torsion in a neonate. The testicle is enlarged with a coarse and inhomogeneous tex- 


ture (a) and altered perfusion (b) 
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Fig. 12 Torsion of the appendix testis. Photograph (a) of 
the ‘blue dot’ sign. On US, an enlarged, rounded and 
hyperechoic (b) appendix testis (asterisk) without internal 


and a positive ‘blue dot sign’ on the overlaying 
skin (Boettcher et al. 2013). Torsed testicular 
appendages (Fig. 12) are rounder and larger than 
the normal 1-7 mm, lack circulation and may 
have any echogenicity (Yang et al. 2005). They 
evoke an inflammatory response with an accom- 
panying ipsilateral hydrocele (80-90 %), enlarged 
and hyperechoic epididymis (50-100%) and 
hyperaemia in the nearby testis (50-90%). 
Unlike testicular torsion, the spermatic cord is 
linear without focal irregularities. 

Direct visualisation of the torsed appendage 
strengthens this diagnosis versus that of acute 
epididymitis. 


8.2 Epididymitis 


and Epididymoorchitis 


The cause of acute epididymitis with or without 
orchitis usually remains unknown. Whereas 
infection is exceedingly rare in prepubescent 
boys, it occurs in adolescents — not always related 
to sexual activity. Up to 40% of boys with 
epididymitis have associated urogenital anoma- 
lies, though not all of these conditions are consid- 
ered causative (Karmazyn et al. 2009). Many 
accept proven infection, recurrent infection or 
young age as indications for further imaging (uri- 
nary tract US and VCUG). 

Acute epididymitis presents with insidious 
onset scrotal pain, a tender epididymis and dys- 


Doppler (c). Note subtle hydrocele and hyperaemia of the 
testicle and epididymis ((a) Courtesy of Dr. S. Miiller (a) 
with permission from Riccabona (2014a) (b, ¢)) 


uria, sometimes accompanied by fever, abdomi- 
nal pain or nausea (Boettcher et al. 2013). US 
shows an enlarged (focal or general) and hyper- 
aemic epididymis of any echogenicity with asso- 
ciated hydrocele and often augmented testicular 
perfusion and swelling (Fig. 13). Complications 
include abscess formation and testicular isch- 
emia, primarily reported in adults (Yusuf et al. 
2013). 


8.3 Acute Idiopathic Scrotal 


Oedema 


Acute idiopathic scrotal oedema is a self-limit- 
ing rare cause of acute scrotal pain, diagnosed 
clinically by the characteristic (bilateral) dis- 
comfort, swelling and erythema of the scrotum, 
and sometimes extending to the perineum, lower 
abdomen or penis. US is done to exclude other 
causes and shows a thickened, hypoechoic scro- 
tal wall with a typical appearance of the 
increased vascularity (‘fountain sign’) (Geiger 
et al. 2010). Some patients also have inguinal 
lymphadenopathy and a mild hydrocele (Klin 
et al. 2002). 


8.4 Henoch-Scho6nlein Purpura 

Henoch-Sch6énlein purpura is the most com- 
mon vasculitis of childhood. Scrotal symp- 
toms are accounted in 13% of affected boys, 
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Fig. 13 Enlarged, hyperaemic epididymis in acute epididymitis. Associated augmented testicular perfusion and a 


fibrinous hydrocele 


Fig. 14 Severe scrotal oedema (arrows) and a normal 
testicle (asterisk) in Henoch-Schoénlein purpura involving 
the scrotum 


the commonest being swelling and pain, which 
may include the penis (Soreide 2005; Balevic 
et al. 2013). Despite testicular torsion being 
uncommon in the typical 3-6-year-old boy 
with purpura, it should be kept in mind as a 
potential differential diagnosis. US (Fig. 14) 
reveals oedema of the scrotal wall, hydrocele 
and enlarged and hyperaemic epididymides 
(Ben-Sira and Laor 2000). The spermatic cords 
and testicles are expected to be normal, but 
rare complications include haemorrhage of the 
spermatic cord and thrombosis of the spermatic 
vein (Diana et al. 2000). 


Take Away 

Torsion of one of the intrascrotal append- 
ages and acute epididymitis are by far the 
most common differential diagnoses to 
spermatic cord torsion in acute scrotal pain 
after the neonatal period. 


9 Haemorrhage and Trauma 


9.1 Testicular Trauma 

Testicular contusions are seen as solitary or multiple 
hypoechoic areas on US. The appearance of intra- 
testicular haematomas varies with time; hyperacute 
haematomas are isoechoic, acute haematomas are 
hyperechoic and chronic haematomas appear more 
hypoechoic. All haematomas should be followed 
until resolution. Testicular fracture is a discontinu- 
ity of the normal parenchyma seen as a straight, 
hypoechoic and avascular area with or without asso- 
ciated rupture of the tunica albuginea. In testicular 
rupture the tunica albuginea is disrupted with extru- 
sion of testicular parenchyma (Fig. 15). The loss of 
testicular contour and a heterogeneous parenchyma 
at US detects most ruptures, however, with a rather 
poor specificity of 65% (Guichard et al. 2008). 
Surgical exploration and treatment is indicated 
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Fig.15 Traumatic testicular rupture. The disrupted tunica 
albuginea is easily appreciated (arrow). The upper pole 
appeared heterogeneous with a mixture of haemorrhage 
and necrosis (arrowhead) and was devascularised (not 
shown). The rest of the testicle appeared homogenous 
(asterisk) and was well perfused. The parietal layer of the 
tunica vaginalis contained the homogeneous haematoma 
separated from a small surrounding hydrocele (Image 
courtesy of Dr. T. Sakinis) 


if testicular rupture is suspected. Extratesticular 
injury includes haematoma of the epididymis and 
scrotal wall. In equivocal cases MRI may clarify the 
pattern of injury including disruption of the tunica 
albuginea (Kim et al. 2009). 


9.2 Scrotal Haematoma 

Haematoma of the scrotal wall can be caused by 
direct trauma or indirectly by the dissection of 
blood along the fascial planes to the scrotum. US 
detects a scrotal wall haematoma and normal 
scrotal content usually accompanied by a simple 
hydrocele. In neonates a scrotal haematoma may 
be secondary to an adrenal haemorrhage, which is 
why the adrenals should be examined for the pres- 
ence of masses. Such secondary scrotal haemato- 
mas may present in the scrotal wall, in the space 
between the two tunica vaginalis layers or both. 


Take Away 
Scrotal/testicular imaging after trauma is 
performed in clinically equivocal cases, as 
surgical exploration is indicated if a rupture 
of the tunica albuginea is demonstrated or 
suspected. 
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10 Testicular and Paratesticular 


Tumours and Pseudotumours 


The annual incidence of testicular neoplasms is 
0.5-2 per 100,000 (Agarwal and Palmer 2006) 
with a peak before 3 years of age and after 
puberty. In prepubertal boys, most tumours are 
benign (Taskinen et al. 2008). Tumours usually 
present as a painless scrotal mass, but pain is 
sometimes caused by haemorrhage, necrosis or 
associated infection. The role of US is to deter- 
mine the location as intra- or extratesticular and 
to assess the potential for testis-sparing surgery. 
A survey of inguinal and retroperitoneal lymph 
nodes and the abdominal organs is recom- 
mended in the presence of a tumour. If histol- 
ogy reveals malignancy, then depending on the 
diagnosis, subsequent pelvic and abdominal 
MRI and thoracic CT is done to evaluate for 
metastatic disease (Fig. 16). Scrotal US is 
excellent for follow-up, as is pelvic and abdom- 
inal MRI. In general, histology is required for 
diagnosis as most tumours are inconsistent or 
nonspecific at US and MRI, and many tumours 
have cystic components. The exception is the 
virtually diagnostic concentric rings of alter- 
nating hypo- and hyperechoic strands in epider- 
moid cysts. 


Fig. 16 Axial T2w section of the mid-abdomen demon- 
strating the multicystic nature of all involved compart- 
ments in a huge germ cell tumour of the testis 
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Fig. 17 Ultrasound (a) and axial T2w tSE (b) images of 
a mixed germinal cell tumour (arrows) ina 14 y.o. On US, 
the large tumour is hyperechoic relative to normal testicu- 


10.1 Germ Cell Tumours 

The most common primary testicular neoplasms 
are the germ cell tumours (Fig. 17). Teratomas 
(Fig. 18) are heterogeneous lesions with a mixture 
of solid and cystic areas, often fat or calcifications 
and usually well circumscribed (Epifanio et al. 
2014). Prepubertal teratomas show a benign clini- 
cal course contrary to their adult counterpart (Grady 
et al. 1997). Yolk sac tumour is the most common 
malignant testicular tumour in children and is sug- 
gested by a palpable tumour and raised alpha-foe- 
toprotein in a prepubertal boy (Fig. 19). The 
prognosis is generally good, particularly if the dis- 
ease is restricted to the testicle. The imaging find- 
ings are nonspecific. The most common testicular 
tumour in adult life, seminoma, is irrelevant before 
puberty except in boys with cryptorchidism. 


10.2 Sex Cord-Stromal Tumours 

Sex cord-stromal tumours in children are all rare 
with scarce reports of inconsistent imaging find- 
ings. All juvenile granulosa cell tumours and most 
Sertoli and Leydig cell tumours in children are 
benign. Leydig cell tumours are endocrinological 
active and typically present with precocious 
puberty. Hormonal disturbance is also found in a 
smaller percentage of Sertoli cell tumours 
(Ahmed et al. 2010). Gonadoblastoma occurs 
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lar tissue (asterisk). It consisted of multiple small and 
some larger cysts also appreciated on MRI 


Fig.18 Immature teratoma of the testicle in an infant. On 
US the solid and cystic lesion appeared fairly well circum- 
scribed (arrowheads) despite taking up most of the space 
of the right testicle 


almost exclusively in individuals with disorder 
of sex development. 


10.3 Miscellaneous Conditions 
Secondary testicular malignancy is rare, but typ- 
ically seen in lymphoma or leukaemia as bilater- 
ally enlarged, hypoechoic and hyperaemic 
testicles; the testis may even be a hiding place for 
residual tumour. Ectopic adrenal remnants are 
seen as multiple hypoechoic nodules near the 
hilus in both testicles in conditions associated 
with increased circulating corticotropin (Avila 
et al. 1999). Other multifocal lesions include 
granulomatous processes. 
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Fig.19 Yolk sac tumour in a 2 y.o. presenting an enlarged 
left testicle. Ultrasound (a, b) shows inhomogeneous, 
lobulated architecture and hyperaemia with enlarged path- 
ological vessels. Sagittal T2 with Dixon fat suppression 
(c) shows an inhomogeneous testicular mass with inho- 


Fig. 20 Testicular microlithiasis. Punctuated hyper- 
echoic foci without shadowing seen scattered in otherwise 
normal testicular tissue (a). Note the transmediastinal 


Testicular microlithiasis occurs in about 
2 % of boys undergoing scrotal US and is typi- 
cally seen bilaterally as scattered, punctuated, 
non-shadowing echogenic foci (Fig. 20). It is 
rare in infants and young boys. In general, and 


mogeneous enhancement on T1 fs sequence (d). Note that 
MRI is mainly performed for the assessment of metastasis 
(see Fig. 16), less for identification of the tumour itself 
which is usually sufficiently imaged by US 


artery, a normal variant (b) (Reprinted with permission 
from Riccabona (2014b)) 


particularly in the adult population, there 
appears to be an association between microli- 
thiasis and malignant testicular tumours (Wang 
et al. 2015), but whether or not this holds true 
for children is still under discussion (Cooper 
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et al. 2014; Volokhina et al. 2014; Suominen 
et al. 2015). Thus no strong recommendations 
for regular US follow-up of these patients can 
be given, though often performed annually, as 
there obviously is some association between 
microlithiasis and testicular tumors (Trout 
et al. 2017). 

Malignant paratesticular tumours are exceed- 
ingly rare, but suspected in all rapidly growing 
paratesticular masses. They often appear ill 
defined, solid or mixed solid and cystic, hetero- 
geneous and hypoechoic with increased blood 
flow. The most common lesion is rhabdomyosar- 
coma of the embryonal subtype which has a bet- 
ter prognosis with early onset (Agarwal and 
Palmer 2006). MRI may help delineate the 


Fig. 21 The findings of a simple intratesticular cyst. 
Simple cysts are anechoic, show strong posterior acoustic 
enhancement and are well demarcated without evidence 
of solid parts 
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involvement of the scrotal content, as well as the 
presence of metastatic disease. 

Benign cysts, like intratesticular (Fig. 21), 
tunica albuginea or epididymal cysts, should 
have the classic appearance of simple cysts — any 
solid component should raise suspicion of a cys- 
tic tumour. MRI may help to differentiate cystic 
tumours from cysts by their contrast enhance- 
ment pattern. Spermatoceles have a discrete 
echogenicity due to spermatozoa and protein- 
aceous fluid. Cystic dysplasia of the rete testis is 
a rare congenital condition due to failed connec- 
tion between the efferent ducts and the rete tes- 
tis, strongly associated with renal malformations 
(Jeyaratnam and Bakalinova 2010). The affected 
testicle is typically enlarged and asymptomatic 
(Fig. 22). 

Lipomas are frequently seen in the spermatic 
cord, whereas the adenomatoid tumour is found 
in the epididymis or testicular tunica. 

Meconium periorchitis results from meco- 
nium passage through a patent vaginal process to 
the scrotum following bowel wall rupture in late 
foetal or early postnatal life. Meconium incites a 
sterile inflammation and development of a soft 
paratesticular mass that calcifies later on and is 
accompanied by a hydrocele. The rest of the 
scrotal content is normal and scattered peritoneal 
calcifications support the diagnosis. Conservative 
treatment is sufficient in most cases, but surgery 
is undertaken if the lesion is indistinguishable 
from a tumour (Alanbuki et al. 2013). 


Fig.22 Enlargement of the testicle caused by a large cys- 
tic dysplasia of the rete testis. The countless small tubular, 
cystic structures may become large and compress and dis- 


place the normal-appearing testicular tissue towards the 
periphery. May have atypical US appearance due to 
mucoid material 
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Take Away 
Cautious interpretation of imaging is advo- 
cated, as benign and malignant lesions may 
be indiscernible based on imaging findings, 
rendering histology necessary for correct 
diagnosis. 


11 Vascular Conditions 


Vascular Lesions 
of the Genitalia 


US is the initial examination when a vascular 
lesion is suspected. The most common vascular 
tumour is infantile haemangioma, seen as a well- 
circumscribed, uniformly enhancing soft tissue 
mass with increased arterial flow at Doppler and 
dilated feeding and draining vessels (Kulungowski 
et al. 2011). They often present with ulceration or 
bleeding, and in particular perineal lesions are 
associated with urogenital, anorectal and spinal 
malformations. 

Vascular malformations account for 90% 
of genital vascular lesions in boys, and usually 
present early with swelling, pain, bleeding (hae- 
maturia), infection or altered urinary mecha- 
nism. Vascular malformations grow with the 
child and can become debilitating. The findings 
depend upon the type of malformation present 
(venous, arterial, lymphatic or any combination) 
(Kulungowski et al. 2011). US is helpful to dif- 
ferentiate between slow-flow (appr. 90%) and 
high-flow (appr. 10%) vascular malformations 
and for follow-up, whereas MRI delineates the 
lesion and its associated anomalies (Leavitt et al. 
2012). Subtraction angiography may be needed 
for diagnosis, and also has the option of treat- 
ment. While lymphoedema is seen secondary to 
tumour and infection in adults, in children it usu- 
ally is a primary anomalous development of the 
lymphatic vessels that presents during infancy. 
The genitals are affected in approximately 20%. 
History and clinical examination are usually 
sufficient for diagnosis, but in equivocal cases 
lymphoscintigraphy confirms lymphoedema 
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(Gloviczki et al. 1989; Bellini et al. 2008). US 
and/or MRI may be used to detect the cause of 
secondary lymphoedema (Warren et al. 2007; 
White et al. 2014). 


11.2 Priapism 

Prolonged erection is uncommon in children. The 
ischaemic subtype is the most common, typically 
due to sickle cell disease. It presents with painful 
and rigid cavernous bodies. A hypoxic, hyper- 
capnic and acidotic blood gas confirms the diag- 
nosis and renders imaging unnecessary. 
Immediate treatment is recommended to avoid 
necrosis (Donaldson et al. 2014). 

Non-ischaemic priapism is caused by a loss of 
inflow regulatory mechanisms, typically due to a 
fistula from the cavernosal artery. US usually 
identifies the fistula and its low-resistance, high- 
flow Doppler tracing (Fig. 23) in the boy present- 
ing a non-tender, not fully erect penis and a 
history of trauma to the perineal region (Halls 
et al. 2012). In children, imaging is recommended 
before blood gas sampling (Donaldson et al. 
2014). 

Neonatal priapism usually occurs during the 
first few days of life and persists for 2-12 days, 
rendering laboratory workup, US and careful 
observation as the appropriate level of care 
(Donaldson et al. 2014). 


Fig. 23 Posttraumatic arteriosinusoidal fistula causing 
non-ischaemic priapism (Image courtesy of Dr. J. Westvik) 
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11.3 Varicocele 


Varicocele usually manifests in adolescence as a 
left-sided scrotal swelling and dull discomfort. 
The associated decreased ipsilateral testicular 
volume is correlated to poorer semen quality 
(Diamond et al. 2007) and is one indication for 
treatment, in addition to pain (Pastuszak et al. 
2014). The role of US is to confirm the tortuous, 
ectatic veins of the pampiniform plexus (Fig. 24) 
and to assess testicular structure and volume. Up 
to 15% volume asymmetry is a normal finding 
in adolescent boys, which is why follow-up for 
at least 12 months should be encouraged (Kolon 
et al. 2008). Doppler examination including 
compulsory Valsalva’s manoeuvre will dem- 
onstrate increased flow and is often used for 
classification. However, none of the proposed 
classification systems correlate with impairment 
of spermatogenesis (Valentino et al. 2014). US 
should be done to assess for potential causes of 
vessel compression in atypical age groups, right- 
sided varicocele and recurrence after treatment 
and should always include at least the complete 
urinary tract, better also the entire pelvis and 
abdomen. 


Take Away 
US and MRI provide complementary infor- 
mation in the workup of vascular lesions. 


12 Superficial Genital Lesions 
The many causes of superficial lesions of the 
male genitals can be classified as cystic, vascular, 
dermatological, infectious or neurogenic. Most 
of them are diagnosed and treated without imag- 
ing. If encountered on US or MRI, cysts of the 
median raphe have the features of cysts, and 
lesions such as epidermoid and dermoid cysts, 
neurinomas and Schwannomas have their usual 
appearance. In juvenile xanthogranuloma, imag- 
ing detects systemic involvement, which is 
important as it is associated with increased mor- 
bidity and mortality (Patel et al. 2010). 


Fig.24 Varicocele. The typical ectatic, tortuous veins of 
pampiniform plexus (a) are further dilated and show 
extensive reversed blood flow during Valsalva’s manoeu- 
vre (b) 


Conclusion 

Ultrasonography is the primary imaging choice 
for all male genital queries, though in some 
instances MRI provides necessary additional 
information. Detailed knowledge of imaging 
anatomy and pathology is as essential as 
proper technique and meticulous scanning. It 
is most important that the radiologist engages 
in and contributes to adequate patient care, 
which also includes correct use and utilisation 
of imaging studies. 
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2 Anorectal Malformations 
(ARMs) 


In earlier years anorectal malformations were 
classified into two subtypes: a high and low form, 
depending on whether the distal rectal pouch 
ended above or below the levator muscle level. 
On the occasion of the international Wingspread 
workshop meeting in 1984, the different types of 
imperforate anus were classified into three major 
groups and into the male and female patterns of 
the malformation (Stephens and Smith 1986). 
Briefly, a high-intermediate-low classification 
was agreed upon, and minor and rare subtypes 
were omitted. “High” anomalies are character- 
ized by anorectal agenesis or rectal atresia with 
or without a rectovesical or rectoprostatic fistula 
in males or a rectovaginal fistula in females. The 
blind rectal pouch ends definitely above a hypot- 
rophic puborectalis muscle sling. In “intermedi- 
ate” malformations, the rectal pouch enters that 
sling; there may be a rectobulbar fistula in males 
and a rectovestibular or rectovaginal fistula in 
females. In the “low” forms the rectum passes 
through a well-developed puborectalis muscle 
and may end in an anocutaneous fistula in males 
and an anovestibular or anocutaneous fistula in 
females. The consensus conference placed the 
female cloaca in a separate group classifying the 
malformation in a high, an intermediate, or a low 
form depending on the length of the common 
channel (see below and also chapter “Female 
Genital Anomalies and Important Ovarian 
Conditions”). With regard to anal function and 
continence, it is evident that the high forms of 
imperforate anus have clearly less satisfying 
results than the low forms. Beyond that, the high 
and intermediate forms have a higher incidence 
of associated malformations and urinary tract 
function disorders. In 2005 an international group 
of experts elaborated the so-called “Krickenbeck” 
classification which is not based on anatomical or 
embryological features but on the frequency of 
occurrence into “major clinical groups” and 
“rare/regional variants.” Furthermore, an 
additional grouping of the surgical procedures 
has been published, with the intention to make 
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them comparable with each other, and uniform 
methods of assessment of outcome have been 
agreed by the participants (Murphy et al. 2006). 


2.1 Embryology 


of Imperforate Anus 


A complete overview of embryology is given 
within chapters “Urinary Tract Embryology, 
Anatomy, and Anatomical Variants” and “Female 
Genital Anomalies and Important Ovarian 
Conditions”. 

Briefly, in the 4-week-old embryo, the hindgut 
expands to form the internal cloaca, into which 
issues the large intestine, the allantois, and the 
Wolffian or mesonephric ducts. The internal clo- 
aca is separated from the external cloaca by the 
cloacal membrane. The partitioning of the inter- 
nal cloaca by a craniocaudally growing septum 
begins at the 4 mm stage and is completed at the 
16 mm stage, when the septum reaches the cloa- 
cal membrane. Once the septum is completed, the 
cloaca is divided into a ventral urogenital sinus 
and the dorsal rectum. The Wolffian ducts become 
organized into the vasa deferentia and the vesicae 
seminales in the male, while in the female they 
are the leading structures for the proceeding of 
the Miillerian ducts into the vestibule. The exter- 
nal cloaca is a depression of tissue formed by the 
bilateral genital folds and the genital tubercle on 
the ventral aspect. When the septum reaches the 
cloacal membrane, the latter atrophies and both 
systems enter the common external cloaca. The 
process of partitioning now extends caudally by 
the Uroanal septum. The high and intermediate 
groups of anorectal malformation can be seen as 
the result of a disturbed development of the par- 
titioning of the internal cloaca with the gut end- 
ing in a fistula to the verumontanum or higher 
in males, and into the vagina or fossa navicularis 
of the vestibule in females. The low forms refer 
to developmental errors affecting the partition- 
ing of the external cloaca, resulting in a fistula 
to the perineum or to the female vestibulum or a 
completely or partially persisting anal membrane 
(Stephens and Smith 1971). 


Urinary Problems Associated with Imperforate Anus 


Duhamel (1961) reported that the most fre- 
quent malformations associated with imperforate 
anus are just those that one finds constantly in the 
siren anomaly, and he concluded that the whole 
pattern of anorectal malformations belongs to the 
syndrome of caudal regression. This hypothesis 
is in agreement with the work of Berdon et al. 
(1966) and Elliott et al. (1970)), who explained 
the common association of lumbosacral ver- 
tebral anomalies and hindgut malformations 


Fig. 1 A 12-year-old boy with imperforate anus and 
sacral agenesis; plain abdominal film: sacral agenesis can 
be noted. Additionally, right convex lumbar scoliosis due 
to left sided malformation of the articular process in LV 
and SI is seen 
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by a disturbed development of the notochordal 
organizer at a very early stage of embryogenesis 


(Fig. 1). 


2.2 Associated Malformations 


As mentioned above, there is an agreement in the 
literature that ARMs are highly associated with 
anomalies of other organ systems — a complete 
list can be found in Table 1. The overall reported 
incidence varies from 20 to 70%, a range that 
depends largely on a careful and systematic 
search for additional anomalies (Stephens and 
Smith 1971; Alamo et al 2013). In a series of 75 
patients, an overall incidence of 72% additional 
anomalies was found, reaching nearly 100% in 
the subgroup of deceased patients (Höllwarth and 
Menardi 1983) (Table 2). These findings confirm 
the conclusion from a necropsy study of babies 
dying with AMRs that there is a nearly 100% 
association with other malformations (Moore and 
Lawrence 1952). 

Moreover, frequently more than one organ 
system is involved, and therefore several syn- 
dromes including imperforate anus are known — a 
list of the most frequent ones can be found in 
Table 3. 

Stephens and Smith (1971) and others have 
demonstrated that the incidence of additional 
anomalies is twice as high in the high and inter- 
mediate groups of anorectal malformations 
(85 %) as in the low group (46 %). These findings 


Table 1 Associated malformations in ARMs (after Alamo et al. 2013) 


Affected system Anomalies 

Cardio-vascular Tetralogy of Fallot, atrial septal defect, ventricular septal defect, dextrocardia, coarctation of 
the aorta 

Gastrointestinal Esophageal atresia; duodenal, jejunal, or ileal atresia; absent colon; intestinal malrotation; 
volvulus; Meckel diverticulum 

Musculoskeletal Hip dislocation or dysplasia, fusion of iliac bones, Madelung deformity, arthrogryposis, 
clubfoot, polydactyly, syndactyly, limb deficiency, sacral agenesis, vertebral dysplasia, spina 
bifida, tethered cord 

Spinal cord and Sacral agenesis, vertebral dysplasia, spina bifida, tethered cord, myelomeningocele 

spine 

Urogenital Vesicoureteral reflux, hydronephrosis, bilateral or unilateral renal agenesis, renal dysplasia, 


atresia, ambiguous genitalia 


renal ectopia, horseshoe kidney, polycystic kidney, renal duplication, megaureter, bladder 
exstrophy, micropenis, hypospadias, uterine duplications or double vagina, vulvo-vaginal 
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Table 2 Associated malformations in 75 patients with anorectal malformations 


Anatomical system Total (n=75) (%) Survivors (n=59) (%) Deceased (n= 16) (%) 
Urinary tract 41.3 35.5 62.5 
Genitalia 12.0 10.1 18.7 
Skeletal system 46.6 37.2 37.5 
Cardiac system 18.6 11.8 37.5 
Intestinal tract 18.6 8.4 62.5 
Cerebral 13.3 8.4 25.0 
Others 22.6 20.3 31.2 
Total 72.0 65.5 100 


Table 3 Most common syndromes with ARM association (after Alamo et al. 2013) 


Associated entity 


Associations of congenital 


Syndromes or multisystemic involvement 


VACTERL (Vertebral anomalies, Anal atresia, Cardiac malformations, Tracheo- 


anomalies Esophageal fistula, Renal and Limb anomalies), OEIS (Omphalocele, Exstrophy, 
Imperforate anus, Spinal defects), MURCS (Miillerian duct aplasia, Renal aplasia, 
Cervicothoracic Somite dysplasia) 

Chromosomopathies Trisomy 13, 18, and 21; parental unidisomy 16; deletion of 22q11.2 and 13q; 
heterotaxia 

Syndromes Baller-Gerold, cat-eye, caudal regression, Christian, Currarino triad, Down, 


Walker-Warburg 


facio-auriculo-vertebral, Feingold, fetal alcohol, FG (Opitz-Kaveggia), Fraser, 
Ivemark, Johanson-Blizzard, Kabuki, Klippel-Feil, Lowe, MIDAS, Okihiro, Opitz, 
Pallister-Hall, Pallister-Killian, Rieger, Townes-Brock, ulnar-mammary, 


Table 4 Associated malformations in relation to the atresia level 


Total Urogenital Skeletal Intestinal Cardiac Cerebral Others 
High and 85.0 76.4 52.9 29.4 23.5 11.7 32.3 
intermediate 
(n=34) (%) 
Low (n=41) (%) 61.0 34.0 41.4 9.7 14.6 24.6 17.0 


have been confirmed by the analysis of 75 
patients with anorectal malformations which has 
shown an incidence of 85 % in the high and inter- 
mediate forms versus 61% in the low forms 
(Höllwarth and Menardi 1983) (Table 4). 
Although almost every known malformation 
has been reported in association with anorectal 
malformations, the analysis of anatomical local- 
ization shows that organ systems within the lower 
part of the body, e.g., the urogenital tract, are sig- 
nificantly more affected than those in the upper 
part. Similarly, detailed studies of the associated 
skeletal malformations of our patients showed 
that vertebral anomalies are significantly more 
common in the lumbar and sacrococcygeal spine 
in patients with imperforate anus (Figs. 2 and 3) — 


confirming the findings of an earlier study carried 
out by Pellerin and Bertin (1967). 

As mentioned above, partial or complete sacral 
agenesis can be seen as a part of the caudal regres- 
sion syndrome and may strongly imply additional 
neurogenic disorders of the bladder. For the radi- 
ologist it is important to analyze lumbosacral 
plain radiographs of patients with imperforate 
anus carefully, since the presence of lumbosa- 
cral anomaly malformations gives rise to strong 
suspicion of additional urogenital malformations 
and dysfunctions. Moreover, it was reported that 
about one-third of ARM patients suffered from 
a tethered cord with a male predominance in the 
low ARMs (Golonka et al. 2002). Additionally, 
45% of patients with low ARMs and tethered 
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Fig. 2. Baby with imperforate anus and multiple malfor- 
mations: (a) plain film of the abdomen: malformed lum- 
bar spine with multiple hemivertebra and sacral dysplasia. 
(b) MRI, transversal plane: left thigh and gluteal muscles 
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Fig. 3 Distribution of associated vertebral anomalies 
in patients with imperforate anus (n=33) 


cord did not reveal any other lumbosacral anoma- 
lies as reported by the last cited authors. 


Take away 

Anorectal anomalies are classified into 
three subtypes of malformations: high, 
intermediate, and low. Associated anoma- 
lies occur twice as often in the high and 
intermediate groups as in the low group. 


3 Urologic Problems 


Structural anomalies of the urinary tract as well 
as functional disorders and — in a minority of 
patients — complications after surgical correction 
of the imperforate anus contribute to a signifi- 
cant degree to the final outcome of those patients 
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are missing. (c) MRI, sagittal plane: a high meningo- 
myelocele is depicted. It is obvious that a neurogenic 
bladder must exist 


Colon 


Bladder 


Fig. 4 Male baby boy with a rectourethral fistula at 
VCUG > white arrow marks the fistula, black arrow ure- 
thral catheter 


(McLorie et al. 1987; Wilcox and Warne 2006). 
Furthermore, the overall morbidity may be influ- 
enced by urinary tract infections, which occur 
either as a consequence of the recto-urinary fis- 
tula (Fig. 4) in males or on the basis of anatomic 
or neurogenic disorders. A high or intermedi- 
ate form of imperforate anus and the associa- 
tion of vertebral anomalies have already been 
emphasized as an important hint that a careful 
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Fig.5 Same baby boy as Fig. 3, T1 weighted MRI, sagit- 
tal plane, tethered chord: white arrow points to the low 
positioned and malformed medullary cone, whereas the 
black arrow indicates the thickened terminal filum 


and thorough radiological/urologic evaluation 
is required in order to establish the proper man- 
agement plan. However, even in patients with 
low forms of atresia and no additional vertebral 
malformations, the incidence of associated 
urologic anomalies, including vesicoureteric 
reflux (VUR), is significantly higher when 
compared to the normal population (Yeung and 
Kiely 1991). Therefore, it is advisable to per- 
form a careful evaluation of the urinary system 
in all patients with imperforate anus. As already 
mentioned, the situation can be further compli- 
cated by tethered cord (Fig. 5) and consecutively 
a neurogenic bladder dysfunction. 


3.1 Incidence 

Several studies with large numbers of patients have 
been performed in the past to assess the incidence 
and type of associated urogenital tract anoma- 
lies. The numbers differ from author to author 
and over the years, depending on how carefully 
a search has been performed as well as imaging 
modalities and technology used. All authors agree 
that supralevator anorectal lesions have not only 
a higher incidence of urologic malformations but 
also the more serious forms, especially in males. 
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Out of 200 consecutive patients with imperforate 
anus, Wiener and Kiesewetter (1973) found a 
64% rate of urologic anomalies among the high 
forms (including the intermediate forms) and 
18% in the low forms. According to Hoekstra 
et al. (1983), 71% of the supralevator atresias 
are associated with urogenital malformations, but 
also the infralevator malformations have a remark- 
ably high association rate of 34%. McLorie et al. 
(1987) encountered non-fistula genitourinary 
abnormalities in 60% of the high and in 20% of 
the low lesions. All these authors found no gender 
differences with regard to the incidence of asso- 
ciated urogenital malformations, while Wiener 
and Kiesewetter (1973) as well as Ralph et al. 
(1992) described a significantly higher incidence 
in males. Eighty-four percent of the anomalies 
in the former authors’ series were major, with a 
potential for serious problems; 18 % were incom- 
patible with life. 


3.2 Structural Anomalies 


Fistulas to the urinary tract in patients with 
imperforate anus can be seen as a part of the 
malformation itself. In male patients with a high 
or intermediate ARM, 80% have a rectourethral 
fistula and 8% a rectovesical fistula (Stephens 
and Smith 1971). Additionally, a number of other 
malformations of the urinary tract can be found 
in these patients (Table 1). In the upper urinary 
tract, the most common anomalies are renal dys- 
plasia or renal agenesis, hydronephrosis, dupli- 
cations, and renal ectopia. Furthermore, 47% 
of the supralevator group and 35% of the low 
group showed a VUR, which might be caused in 
one-third of the cases by a malformation of the 
ureterovesical junction, but more commonly by 
a functional disorder due to a neurogenic bladder 
(Fig. 6) (Ralph et al. 1992). Associated malforma- 
tions of the lower urinary tract are hypospadias, 
epispadias and exstrophy, urethral diverticula, 
valves, strictures, or duplications. While some 
of these anomalies do not require immediate 
treatment, others require surgical repair in the 
newborn period, e.g., exstrophy, or at an appro- 
priate time later on, e.g., obstructions or VUR. 
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Fig. 6 A 3-year-old girl, Currarina trias, neurogenic 
bladder with hypotone detrusor mixed type (see chapter 
“Neurogenic Bladder in Infants and Children”) under 
anticholinergic therapy. VCUG: (a) “last image hold” dur- 
ing filling phase — a huge bladder with VUR on the left 
side is depicted. (b) Same study, full exposed shot — the 
refluxing left ureter inserts into the bladder with a patho- 
logic angelhook deformity 


Obviously, agenesis of both kidneys is not 
compatible with postpartal life, but nearly as 
important are dysplastic or hypoplastic kidneys 
on both sides. Hoekstra et al. (1983) found that 
75 % of cases of early death were related to uro- 
genital tract anomalies. The overall incidence of 
death from renal failure out of a series of 484 
infants with imperforate anus was 6.4% with 
high and intermediate lesions and 1.1 % with low 
lesions, and in each the incidence was higher in 
male infants (McLorie et al. 1987). 


3.3 Functional Anomalies 


Holschneider et al. (1982) described a urinary 
incontinence rate of 19% in patients 11 years 
after the correction of an anorectal atresia which 
has been explained by the position of the recto- 
urethral fistula close to the external sphincter 
region and the surgical trauma of the abdomino- 
perineal pull-through procedure, as well as by 
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additional malformations of the spine. The latter 
argument is supported by the fact that two-thirds 
of the urologic anomalies in patients with imper- 
forate anus are associated with spinal deformi- 
ties, mainly with sacral anomalies. Among them, 
occult spinal dysraphism including lipomeningo- 
cele, ventral meningocele (Currarino syndrome — 
Fig. 6), and tethered cord is associated with lower 
urinary tract dysfunction. Boemers et al. (1996a) 
described a normal urinary tract function in 98 % 
of the children with a normal sacrum, sacral dys- 
plasia only, or sacral agenesis affecting only 
smaller parts of the segments S4 and S5. Severe 
dysfunction was observed in all but one patient 
with a more extended sacral agenesis, indicating 
that this subgroup of patients needs careful uro- 
logic assessment. In contrast, Parrott (1985) 
found a neurogenic bladder in 7-18% of the 
cases of imperforate anus, but not all of them had 
abnormalities of the lumbosacral spine, indicat- 
ing that excessive dissection and rectal mobiliza- 
tion may cause denervation. Similarly, Greenfield 
and Fera (1991) and Kakizaki et al. (1994) point 
to the fact that a significant association of voiding 
dysfunctions in patients with anorectal malfor- 
mations can be observed even in the absence of 
vertebral anomalies. It can be concluded that 
these children should not be excluded from a uro- 
logical evaluation including urodynamic studies, 
video urodynamics if available, or modified void- 
ing cystourethrography (VCUG) (see chapters 
“Video Urodynamics” and “Neurogenic Bladder 
in Infants and Children”). 

To answer the question of whether the surgical 
trauma imposes a major insult to the pelvic nerves, 
pre- and postoperative investigations of bladder 
function have been performed. Urodynamic stud- 
ies before any pull-through surgery showed a 
sphincter-detrusor dyssynergia in 4 out of 14 
patients with bladder trabeculation and VUR or 
hydronephrosis (Greenfield and Fera 1991). 
Kakizaki et al. (1994) found a voiding dysfunc- 
tion in 9 (38 %) out of 24 children before anorec- 
toplasty, and partial sacral agenesis was present in 
only 4 of those 9 babies. Out of 27 patients stud- 
ied pre- and postoperatively, the urodynamic 
studies showed minor changes in only 4 patients 
when compared with the preoperative results 
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(Boemers et al. 1995). Another three boys had an 
atonic bladder with loss of the detrusor contractil- 
ity consistent with autonomic denervation; two of 
them had a standard posterior sagittal anorecto- 
plasty combined with a transabdominal procedure 
with dissection of the distal rectum. 

In comparison to earlier studies, one has to 
consider that the surgical strategies have changed 
considerably over the years. Today, the preferred 
procedure consists of a close rectal dissection by 
the posterior sagittal anorectoplasty, according to 
Pena (1967)) or using laparoscopy (Georgeson 
et al. 2000). Boemers et al. (1995) conclude from 
their study that a posterior sagittal anorectoplasty 
is only rarely followed by an additional bladder 
dysfunction in a few patients when special atten- 
tion is given to the surgical details and a signifi- 
cant rectovesical dissection can be avoided. 
Furthermore, a hyperreflexive bladder cannot be 
caused by an iatrogenic injury, because a surgical 
trauma results mostly in a lower motor lesion with 
an atonic sphincter followed by incontinence, as 
three patients in the Boemers et al. (1995) study 
have shown. A preexisting deficient nerve supply 
in cases of sacral agenesis might increase the vul- 
nerability to iatrogenic nerve damage. In conclu- 
sion, the most common cause of a postoperative 
bladder dysfunction is not the surgical damage, 
but a hyperreflexic neuropathic bladder which is 
present in up to 55% of the patients, namely, in 
61% of those with a high anomaly and 36% of 
those with low malformations (Ralph et al. 1992). 

Thus, the high incidence of VUR in patients 
with imperforate anus may partly be caused by a 
malformation of the ureterovesical junction but 
more often results from a neurogenic disorder. 
Boemers et al. (1996b) showed that 60% of the 
patients with a neurogenic dysfunction had VUR; 
additionally 32% had reflux nephropathy. All 
children with impaired renal function had a neu- 
rogenic bladder-sphincter dysfunction. 

In adulthood ARM patients may present with 
difficulties of stool evacuation or anal inconti- 
nence. An MRI study demonstrated that thinned 
pelvic floor muscles can be detected in the vast 
majority of patients, most commonly of the exter- 
nal sphincter and less frequently of the levator 
plate (Gartner et al. 2013). 
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Take away 

Structural as well as functional anomalies 
are reported commonly in babies with ano- 
rectal malformations. Therefore, a careful 
evaluation of the urogenital tract is essen- 
tial in these cases. 


4 Imaging 


Boemers et al. (1999) have published detailed 
guidelines for the diagnostic screening and ini- 
tial management of babies with imperforate 
anus. These recommendations are based on the 
complexity of the malformation and malfunc- 
tion pattern in patients with imperforate anus 
and their impact on morbidity and mortality, 
which calls for a pre- and postoperative evalua- 
tion of the vertebral spine and the urogenital 
tract. Furthermoe the ESPR Abdominal Imaging 
Task Force has also recently ipropsed updated 
recommendations for imaging and imaging pro- 
cedures of patients with anorectal malforma- 
tions (Riccabona et al. 2017). 

The first issue is to evaluate whether there are 
skeletal malformations by performing of chest 
as well as spine radiographs immediately after 
birth. Thus the number and the qualitative anom- 
alies of the vertebral bodies within the different 
sections and the number and asymmetry of ribs 
can be counted. A careful screening for sacral 
anomalies is mandatory, since they can be asso- 
ciated with a tethered chord (Carson et al. 1984). 
In neonates and young babies, spinal US can 
depict a tethered chord (Boemers et al. 1996A; 
Gartner et al. 2013; Pang 1993). Moreover, 
movements of the cauda equina fibers can be 
observed in real time. In older children with 
restricted US access to the spinal canal, MRI 
can depict a tethered chord and other associated 
anomalies. Rivosecchi et al. (1995) studied 50 
patients with anorectal malformations by MRI 
and found 25 patients with spinal cord abnormal- 
ities such as fibrolipoma with or without tethered 
cord (n=19), syringomyelia (n=4), tethered 
cord (n=2), and meningocele (n= 1). Abdominal 
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Fig. 7 Male newborn, low ARM, transperineal sonogra- 
phy in coronal plane: the two + markers indicate the atretic 
segment, whereas the dashed line depicts the inner con- 
tours of the pre-atretic, meconium filled rectum 


plain films in bottom-up position were used for 
length assessment of the atretic rectal segment. 
The anal dimple was indicated by a metallic 
marker. Today, perineal US can deliver the same 
information in a much more comfortable way but 
should be performed as early as possible after 
birth (Fig. 7) (Haber et al. 2007). 

With regard to the urogenital tract, US is highly 
accurate in the newborn period and has been 
shown to be of great advantage for these patients 
(Karrer et al. 1988). Except for the first days of 
life, when urinary output is low and a dilatation 
of the collecting system can be missed, US is the 
primary screening method for detecting structural 
urinary tract anomalies. Repeated opening of the 
bladder neck and the posterior urethra may indi- 
cate a neurogenic bladder disorder. Any anomaly 
or dilatation of the upper urinary tract should 
prompt for VCUG (or contrast-enhanced voiding 
urosonography, ce-VUS). Some authors recom- 
mend VUR assessment in all male patients with 
no perineal opening even without upper tract dil- 
atation on US (Boemers et al. 1999). Yeung and 
Kiely (1991) point at the high incidence of VUR 
even in babies with low anorectal malformations 
and recommend performing VCUG in all these 
patients. Backflow through the fistula into the 
rectum or reflux into the ductuli can be detected 
in some male patients. Transperineal US after 


Fig. 8 Female neonate, sonographic genitography, mid- 
line sagittal plane — normal findings: vagina and the uri- 
nary bladder were filled with physiologic saline via thin 
catheters, thus the uterus including the cervix is easily 
visualized. Even the mucosal line can be demonstrated 
(white arrows). Genitosonography represents an excellent 
method for evaluation of the female genitourinary tract, 
especially within the first week of life (due to prenatal 
maternal hormonal stimulation of the fetus) 


retrograde filling the vagina with physiologic 
saline (“Genitosonography”’) represents an excel- 
lent modality to study the female genitourinary 
tract (Fig. 8). In girls with a persistent cloaca, 
Genitosonography and/or fluoroscopic genitogra- 
phy (with water-soluble contrast medium) should 
be performed (Riccabona et al 2014; Lobo 2015). 
If a VCUG is performed, the modified tech- 
nique should be used for orienting function 
assessment (see chapters “Video Urodynamics” 
and ‘“Neurogenic Bladder in Infants and 
Children”); if available, a video-urodynamic 
(VUD) study is the method of choice. In boys 
with a rectourethral fistula, abdominal pressure 
can be recorded either through an existing colos- 
tomy or — if no colostomy is needed — through a 
microtip catheter placed in the stomach. If VUD 
is not available, an additional urodynamic study 
is recommended during the first 3 months of life 
in patients with concomitant sacral agenesis. 
Depending on the type of bladder dysfunction, a 
follow-up urodynamic study has to be performed 
after conservative — anticholinergic — therapy or 
surgical interventions (Lobo 2015). Imaging 
should be completed by echocardiography for 
detection of associated cardiac malformations. 
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Take away 

The entire spectrum of imaging investiga- 
tions and functional studies is necessary to 
detect urogenital anomalies in anorectal 
malformations. 


5 Therapy 


In general the clinical condition of the baby, the 
existence of other severe malformations (e.g., 
esophageal atresia or cardiac failure), the type of 
the anorectal malformation, and the severity of 
associated urinary tract malformation govern the 
timing and the order of the surgical interventions. 
Low atresia forms can be immediately treated in 
the male with a cutback procedure or in females 
with primary bouginage or modified transloca- 
tion of the fistula. High forms may require pri- 
mary colostomy with postponement of an 
abdominoperineal pull-through procedure in 
order to allow the treatment of associated anoma- 
lies. Intermediate forms can be treated by a sim- 
ple posterior anorectoplasty using a perineal 
approach without laparotomy. In most cases this 
procedure may require no time delay. 

The treatment of the anatomical urinary tract 
abnormalities is the same as it would be for 
similar abnormalities occurring in isolation. The 
treatment of functional disorders was neglected 
for many years. Since Boemers et al. (1996b) 
and other authors showed that a severe hyper- 
reflexive bladder dysfunction may exist even 
before the operation, early clean intermittent 
catheterization, either alone or combined with 
parasympathetic medications or surgical mea- 
sures, has been recommended for these babies 
from the beginning in order to avoid later dete- 
rioration of the upper urinary tract due to the 
voiding dysfunction. A paralytic bladder strongly 
suggests pelvic nerve injury secondary to a surgi- 
cal pull-through procedure. 

Urinary tract infection may be caused by a long 
rectourethral fistula remnant, as a consequence 
of urinary stasis with associated anomalies, a 
neurogenic bladder dysfunction, and/or VUR, 
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respectively. Regular monitoring of urine speci- 
mens is necessary, with appropriate antibiotic 
therapy in the case of infection. 


Take away 

The treatment of functional or anatomical 
urinary tract abnormalities in patients with 
anorectal malformations does not differ 
from the treatment of those with isolated 
malformations. 


Conclusion 

Anorectal malformations have a high inci- 
dence of associated malformations. Among 
these, the functional and/or anatomical abnor- 
malities of the genitourinary tract are of 
primary importance because of their impact 
on the overall morbidity and mortality of 
these patients. Although urogenital tract mal- 
formations can be associated in all patients 
with imperforate anus, there is a significantly 
higher incidence in the high forms of atresia 
and/or when lumbosacral vertebral malfor- 
mations exist. Careful radiological and uro- 
dynamic investigation, including lumbosacral 
plain radiographs, US (of the perineum, the 
bladder and kidneys, and the spinal cord), and 
a VUD study (if available, or an urodynamic 
study complemented by a modified VCUG), 
should be performed before and/or after the 
pull-through procedure according to pub- 
lished guidelines (Boemers et al. 1999). 
Additionally, an MRI may become necessary 
in selected cases to plan a neurosurgical pro- 
cedure and its appropriate timing. 
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1 Introduction 


The epispadias-exstrophy complex represents a 
spectrum of malformations ranging from epispa- 
dias to cloacal exstrophy (Wood 1990). The most 
common entities of this complex and their fre- 
quencies are listed in Table 1 (Duckett and 
Cladamone 1985). 

Historically, bladder exstrophy was first men- 
tioned in 2000 BC. The earliest description was 
given in 1597 by Scheuke and Grafenberg, a 
complete one about 150 years later by Mowat in 
1747. The term “exstrophy” was coined by 
Chaussier in 1780 (Kelly 1998). 

Today multistage surgical repair is favored over 
other treatment alternatives. Due to the complexity 
of the problem, management of the affected 
patients requires close interdisciplinary teamwork 
involving pediatric surgery, pediatric urology, 
pediatric orthopedics, pediatric radiology, as well 
as psychological support. During all the different 
stages, the pediatric radiologist is responsible for 
the rational use of imaging modalities in order to 
facilitate treatment planning, to assess therapeutic 
success, and to detect and monitor complications. 
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Table 1 Types and frequencies of epispadias-exstrophy 
complex 


| Frequency 
Types (%)_ 
Classical bladder exstrophy | 60 
Epispadias (balanitic, penile, 30 
subsymphyseal, penopubic) 
Cloacal exstrophy, superior vesical 10 
fissure, duplicate exstrophy, 
pseudoexstrophy 
2 Incidence 


Epispadias occurs in 1 in 117,000 of the popula- 
tion, with a 5:1 male predominance. The inci- 
dence of classical bladder exstrophy is reported 
to be between 1 in 10,000 and 1 in 50,000 births 
(Duffy 1995). There is a 3:1 male predominance. 
Variants of bladder exstrophy tend to occur more 
often in females than in males (Duckett and 
Cladamone 1985; Inouye et al. 2013). 

The risk of occurrence is 400-500 times higher 
if one parent suffers from bladder exstrophy (Ben- 
Chaim et al. 1996; Duffy 1995). There is evidence 
that a slightly increased risk for bladder exstrophy 
or epispadias exists in children whose mothers are 
less than 20 years old and after in vitro fertilization 
(Ben-Chaim et al. 1996; Inouye et al. 2013). In 
addition, a possible concordance of intrauterine 
exposure to diazepam and occurrence of 
omphalocele-exstrophy-imperforate  anus-spina 
bifida (OEIS) complex has been published 
(Lizscano-Gil et al. 1995). Cloacal exstrophy has 
an incidence of about 1:200,000 births. For this 
malformation no sex predominance is reported 
(Duckett and Cladamone 1985). Epispadias- 
exstrophy complex seems to be more frequent in 
Caucasian children than in non-Caucasian (Inouye 
et al. 2013). 


Take Away 

Bladder exstrophy is an underdiagnosed 
condition on prenatal US. The absence of 
the urinary bladder on those scans is the 
hallmark of bladder exstrophy. 
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3 Prenatal Diagnosis 


Bladder exstrophy is diagnosed prenatally in 
only 13% of cases (Ben-Chaim et al. 1996; 
Dickson 2014). In a retrospective study on 43 
prenatal ultrasound (US) examinations, they 
identified five criteria that were related to bladder 
exstrophy (the number in parentheses represents 
the estimated frequency of each symptom): 


e Bladder never identified (71 %) 

e Lower abdominal bulge representing the 
exstrophied bladder (47 %) 

e Diminutive penis and anterior displaced scro- 
tum (57% of males) 

e Low set of the umbilicus (29 %) 

e Abnormal widening of iliac crests (18 %) 


Normally, the urinary bladder can be visual- 
ized on prenatal US after 14 weeks of gestation 
(Ben-Chaim et al. 1996). Therefore, in the 
absence of the urinary bladder on prenatal US or 
if any of the other abovementioned symptoms are 
present, the diagnosis of bladder exstrophy 
should be raised. 


Take Away 

Bladder exstrophy is more common in 
boys. Variants of bladder exstrophy are 
more common in girls. There is no sex pre- 
dominance in cloacal exstrophy. 


4 Embryology 


The defect has to be dated within the first 8 weeks 
of gestation (Duffy 1995). It is believed to origi- 
nate from an abnormal mesodermal migration 
during the development of the lower abdominal 
wall as well as the urogenital and anorectal canals 
(Duffy 1995). This mesoderm will later trans- 
form to the muscles of the abdominal wall and 
the urinary bladder, to the penis or clitoris, to the 
scrotum or labia, as well as to the bones, joints, 
and ligaments of the anterior pelvic girdle. 
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Muecke (1964) postulated that an overdevelop- 
ment of the cloacal membrane causes the abnor- 
mal mesodermal migration. After the rupture of 
the cloacal membrane to produce the urogenital 
and anal orifices, the entire urogenital tract is 
exposed, thus producing the exstrophic bladder 
and the associated epispadias (Sponseller et al. 
1995). This theory is supported by the experi- 
mental findings in chicks, in which exstrophied 
bladders could be produced by replacing the clo- 
acal membrane with a foreign body (Muecke 
1964). 

A recently published immunohistochemical 
study revealed that specimens of exstrophied 
bladders reveal fewer myelinated nerve fibers 
than normal individuals (Mathews et al. 1999). 
Normally, the innervation of the detrusor deter- 
mines its ability to contract. Since the exstro- 
phied bladder does not store any urine during 
intrauterine development, there is no need for 
contractions and innervation, which may explain 
the abovementioned difference in innervation 
(Mathews et al. 1999). Up to now it is unclear 
whether this finding can predict contractility of 


Take Away 


The embryological defect producing the epi- 
spadias-exstrophy complex occurs about 8 
weeks of gestation. Immunohistochemical 
differences between exstrophied and normal 
bladders exist. 


the former exstrophied bladder. 


5 Anatomy of the Epispadias- 


Exstrophy Complex 
5.1 Epispadias 
5.1.1 Male Epispadias 


Normally, the urethra is located on the ventral 
side of the penis. Both corpora cavernosa are 


Corpora cavernosa 


Corpus spongiosum Urethra 


Fig. 1 Cross-sectional anatomy of a normal penis: the 


corpora cavernosa share a common fibrous wall (tunica 
albuginea corporis spongiosum) 


Epispadic groove 


Corpora cavernosa 


Fig. 2 Cross-sectional anatomy of an epispadiac penis: 
the corpora cavernosa are separated, and there is a urethral 
groove on the dorsal side of the penis 


located on the dorsal side of the penis and share a 
common fibrous wall (Fig. 1). In male epispadiac 
patients, however, instead of the urethra, there is 
a continuous groove extending from the internal 
urethral orifice to the glans penis, and the corpora 
cavernosa are separated (Fig. 2). 

Three different types can be differentiated: 
balanitic, penile, and penopubic (or complete) 
epispadias. In balanitic and penile epispadias, 
continence is present, and musculoskeletal defor- 
mities of bladder exstrophy are mild or absent. 
On the other hand, in penopubic or complete epi- 
spadias, the whole length of the penis is involved, 
and these patients are always incontinent to a cer- 
tain degree. Usually the penis is short and stubby. 
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Fig. 3 Spot film of a VCUG in a baby with patient with 
epispadias: bilateral VUR is present as well as a hook 
deformity of the ureterovesical junction. The urethra is 
short and irregular after surgery 


In addition, this subtype reveals the musculoskel- 
etal deformities of bladder exstrophy, but to a 
minor degree (Currarino et al. 1993). 


5.1.2 Female Epispadias 

Most frequently the complete or subsymphyseal 
type can be observed (Currarino et al. 1993). In 
addition, a bifid clitoris exists and the labia are 
abnormally separated (Currarino et al. 1993). 
These patients are always incontinent, and the 
musculoskeletal deformities of bladder exstrophy 
are present (Currarino et al. 1993). Minor conti- 
nent forms, exhibiting an absence of the distal 
urethra or a short patulous urethra, eventually are 
accompanied by a bifid clitoris and may occa- 
sionally be seen (Currarino et al. 1993). 

In 90 % of all patients with epispadias, vesico- 
ureteral reflux (VUR) will be present. This is due 
to an abnormal trigone and laterally displaced 
ureterovesical junctions (Duckett and Cladamone 
1985) (Fig. 3). 


5.2 Classical Bladder Exstrophy 

An excellent overview and a detailed anatomical 
description are given by Kelly (1998) and Wood 
(1990), respectively (Fig. 4). 
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Fig. 4 Photograph of a baby boy with classic exstrophy: 
the umbilicus is low set, and the bladder is exstrophied 
(solid arrows). The penis is short, and the corpora caver- 
nosa are separated by the epispadiac groove 


5.2.1 Urogenital Features 

The anterior wall of the abdomen is widely open 
over the entire dorsal surface of the penis as 
well as the bladder neck and the anterior bladder 
wall (Wood 1990). The mucosa of the exstro- 
phied bladder is irritable and becomes hyper- 
emic and polypoid. On histologic examination 
the mucosa shows cystitis cystica, cystitis glan- 
dularis, and polypoid changes (Crankscon and 
Ahmed 1997). If no surgical repair is under- 
taken, acute and chronic inflammatory changes 
will lead to squamous metaplasia, and malig- 
nancy may occur (Crankscon and Ahmed 1997). 
In addition, disorganization of the detrusor mus- 
cle bundles will occur in this situation, causing 
bladder dysfunction even after successful ana- 
tomical repair (Crankscon and Ahmed 1997). In 
affected male babies, the penis is short, and a 
posterior chordee causes it to curve upward to 
the area of the exstrophied bladder (Currarino 
et al. 1993). In normal individuals the corpora 
cavernosa fuse at the penile shaft and share a 
common fibrous wall with the urethra located at 
the anterior side of the penis. In contrast the cor- 
pora cavernosa remain separated up to the glans 
penis in patients with the epispadias-exstrophy 
complex because of the split symphysis. The 
epispadiac groove lies between the separated 
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Fig. 5 Schematic urogenital findings in a male patient 
suffering from bladder exstrophy 


corpora cavernosa at the dorsum of the penis 
(Kelly 1998) (Fig. 5). Unilateral or bilateral 
cryptorchidism may be present (Currarino et al. 
1993). 

In females there is a short epispadiac urethra; 
the clitoris is bifid and may consist of two widely 
separated parts. The vaginal introitus is tilted 
upward (Crankscon and Ahmed 1997). 

In patients with bladder exstrophy, associated 
anomalies of the upper urinary tract are infre- 
quent (Currarino et al. 1993). However, after sur- 
gical correction VUR will be present in almost all 
cases of bladder exstrophy (Ben-Chaim et al. 
1996 and Dickson 2014). 


5.2.2 Musculoskeletal Features 

The rectus abdominis muscle is deficient and 
widely separated. The umbilicus is low set, and 
an omphalocele can frequently be observed 
(Currarino et al. 1993). Inguinal hernias are 
present in up to 20% of patients, boys being 
more affected than girls (Connolly et al. 1995). 
In the later course, an incidence of inguinal her- 
nias between 65 and 82% can be expected for 
males, with rates between 11 and 15% 
for females (Connolly et al. 1995; Husmann 
et al. 1990). 

One of the hallmarks in bladder exstrophy is 
the split symphysis, where the width of the split 
increases with the size of the exstrophy (Currarino 
et al. 1993). Therefore, in bladder exstrophy the 
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Fig. 6 Pelvic X-ray of a male baby with classic exstro- 
phy: a split symphysis is present. The pubic and iliac 
bones are rotated outward with an increase in the intertri- 
radiate distance 


pelvic girdle appears rather C shaped instead 
of forming a ring. In detail, the iliac bones are 
rotated about 12° externally (increasing the 
iliac wing angle) and the pubic bones about 18° 
(increasing the ischiopubic angle) (Sponseller 
et al. 1995). Compared to normal individuals, 
the pubic bones tend to be shortened by 30%, 
and the transverse diameter of the pelvis, mea- 
sured at the level of the intertriradiate cartilage, 
is increased by 31% (Sponseller et al. 1995). 
Since the corporal bodies of the penis diverge 
laterally to the pubic rami, the osseous malfor- 
mation contributes to the short penis appear- 
ance (Sponseller et al. 1995). Figure 6 exhibits a 
pelvic X-ray of a patient suffering from bladder 
exstrophy. Vertebral malformations can be found 
in up to 7 % (Cadeddu et al. 1997) of cases. 


5.3 Variants 

Pseudoexstrophy of the Bladder 

This malformation is a rare variant of classical 
bladder exstrophy. It is characterized by the pres- 
ence of the musculoskeletal defects of classic 
bladder exstrophy without the urinary tract 
defects. There is a deficient abdominal wall, and 
the bladder has a subcutaneous position and is 
only covered by a thin epithelial membrane. The 
umbilicus is low set, and the pubic symphysis is 
widened. At operation the bladder and urethra 
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appear intact (Swana et al. 1997; Ahmed and Abu 
Daia 1998). 


Covered Exstrophy of the Bladder 

Similar to pseudoexstrophy of the bladder, the 
same musculoskeletal defects exist, and the 
closed bladder is protruding through the defi- 
cient rectus muscles. In contrast to pseudoex- 
strophy, the anterior bladder wall is covered by 
a varying degree of subcutaneous tissue and 
skin (Borwankar et al. 1998; Sahoo et al. 1997). 
A female predominance and a high incidence of 
genital anomalies (e.g., bifid clitoris, hypoplastic 
vagina, stenosed duplicated vagina) have been 
reported (Sahoo et al. 1997). Anorectal malfor- 
mations are more common than in classical blad- 
der exstrophy (Sahoo et al. 1997). 


Superior Vesical Fissure 

The musculoskeletal features of classic bladder 
exstrophy can be observed as well as a minimal 
bladder eventration below an abnormally low- 
set umbilicus (Borwankar et al. 1998; Sahoo 
et al. 1997). 


Inferior Vesical Fissure 

To date only a few cases have been reported 
(Johnson et al. 1995). Bladder exstrophy is lim- 
ited to the bladder neck, whereas the penis and 
urethra are normal. Split symphysis is present too. 


Duplicate Exstrophy 

Duplicate exstrophy is comprised of a normal 
bladder and an additional exstrophied bladder. 
Complete and incomplete entities have been 
reported (Perren and Frey 1998). 


Bladder Exstrophy with Normal Umbilicus 
and Normal Infraumbilical Wall 

There was a case that was reported revealing the 
abovementioned features (Sripathi et al. 1997). 


OEIS Complex 

Bladder exstrophy can be part of the omphalocele- 
exstrophy-imperforate anus-spinal defects (OEIS) 
complex. The OEIS complex is rare and affects 
only 1 in 200,000 to 1 in 400,000 pregnancies 
(Smith et al. 1992). 
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5.4 Cloacal Exstrophy 
(Vesicointestinal Fissure) 
5.4.1 Urogenital and Intestinal 


Features 

There are two halves of the exstrophied bladder 
separated by an exstrophied ileocecal bowel area. 
On the rostral side of the bowel exstrophy, the 
ileum prolapses. In addition there is an imperfo- 
rate anus, and the colon may be duplicated. 
Usually a duplicated appendix is found. In males 
a small and duplicated penis can be seen. In 
females the vagina is septet, and uterine abnor- 
malities are likely. A high proportion of these 
patients will also present a small to giant ompha- 
locele (Duckett and Cladamone 1985). 


5.4.2 Musculoskeletal Features 

The same skeletal features as in classic bladder 
exstrophy can be observed. Myelomeningoceles 
are present in 50% of these patients. Spinal 
abnormalities are common. 


Take Away 

All subtypes of the epispadias-exstrophy 
complex exhibit a split symphysis to a cer- 
tain degree. Incontinent epispadias is more 
common than continent epispadias. In 
addition to classic bladder exstrophy, cov- 
ered variants exist. Cloacal exstrophy rep- 
resents the most severe part of the spectrum, 
comprising urogenital, intestinal, and mus- 
culoskeletal malformations. 


6 Surgical Repair 


The overall goal of treatment in patients with the 
epispadias-exstrophy complex is the well, dry, 
fertile, and happy (both cosmetically and func- 
tionally) adult (Kelly 1998). 

Today staged surgical repair is favored, con- 
sisting of the steps described in Sects. 6.1, 6.2, 
and 6.3 (Wood 1990; Kelly 1998; Ben-Chaim 
et al. 1996; Ben-Chaim and Gearhart 1996; 
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Canning 1996). Recently an excellent overview, 
the “Modern Staged Repair of Bladder 
Exstrophy,” was published (Dickson 2014). 

Urinary diversion using bowel segments is no 
longer the first treatment choice due to its inherent 
disadvantages such as the need for intermittent 
catheterization through a reconstructed urethra, 
mucus plugs, bladder infection, electrolyte dis- 
turbances, stones, disruption of the anastomosis, 
long-term potential for renal deterioration, and 
bladder or bowel cancer (Kelly 1998; Canning 
1996). Bladder augmentation can be regarded 
as an alternative approach for patients where the 
staged repair has failed (Kelly 1998). In these 
patients bladder augmentation can improve the 
quality of life significantly. 


6.1 Initial Bladder Closure 

Due to improvements in anesthesia and postop- 
erative care, surgical correction of the exstro- 
phied bladder and osteotomies can be done 
safely within the neonatal period. Newborns are 
under the influence of the maternal hormone 
(relaxin). Therefore if bladder closure is per- 
formed within 72 h of life, there is a good chance 
of achieving pelvic closure without osteotomies. 
Of course the size of the symphyseal split repre- 
sents a prognostic factor (Kelly 1998; Ben- 
Chaim and Gearhart 1996). In addition, the 
swelling of the exstrophied bladder mucosa is 
less severe within the time frame of 72 h. If clo- 
sure is delayed, osteotomies will become neces- 
sary more frequently (Inouye et al. 2013). If the 
male urethral plate is too short, it can be elon- 
gated by paraexstrophy flaps using the paraex- 
strophy tissue as described by Duckett and 
Cladamone (1985; see also Kelly 1998; Ben- 
Chaim et al. 1996). It is mandatory to follow the 
principles of plastic surgery to maintain good 
blood supply to the flaps. The urethra is closed 
proximally in order to stimulate bladder growth, 
and ureteral stents are placed to prevent obstruc- 
tion and hypertension (Ben-Chaim et al. 1996). 
Coexisting omphaloceles and inguinal hernias 
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should also be repaired (Kelly 1998; Connolly 
et al. 1995; Husmann et al. 1990). 

Postoperative complications include ischemia 
of paraexstrophy flaps, thus leading to urethral 
strictures (Kelly 1998; Ben-Chaim et al. 1996; 
Ben-Chaim and Gearhart 1996). Suprapubic 
leakage is another problem, but usually there 
is spontaneous closure within several months. 
VUR is present in almost all cases postopera- 
tively (Currarino et al. 1993; Dickson 2014). 
Two children were reported who developed 
significant hypertension postoperatively after 
primary bladder closure and pelvic osteotomies 
followed by immobilization using skin traction 
(Husmann et al. 1993). In both children hyper- 
tension subsided spontaneously after removal of 
the immobilization. 

Failed bladder exstrophy closure is defined 
by wound dehiscence, bladder prolapse, blad- 
der outlet obstruction, or formation of fistulas 
(Fig. 7, Inouye et al. 2013). Pelvic osteotomies 
and postoperative immobilization were reported 


Fig. 7 Screenshot from videourodynamics of a 5-year- 
old boy. There is bag-like dilatation of the proximal poste- 
rior urethra (white arrow) due to surgery as well as a 
system of multiple penile fistulas (black arrows) 
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to decrease the rate of failure (Inouye et al. 
2013). 


6.2 Epispadias Repair 
Epispadias repair is performed at the age of one 
up to 3 years (Dickson 2014). 

Testosterone can be given 2 weeks preopera- 
tively in order to stimulate penile skin growth, 
thus making the surgical repair easier. 

For epispadias repair several procedures are 
available like the Cantwell-Ranswell and variants 
(Kelly 1998; Ben-Chaim et al. 1996; Canning 
1996; Husmann et al. 1993). Briefly, the ure- 
thra is tubularized over a catheter. The corporal 
bodies are freed completely from the glans and 
the proximal urethra, then rotated inward, and 
sutured together. The procedure is finished by 
reconstruction of the glans and moving the dis- 
tal end of the urethra to the ventral side of the 
penis. Penile ischemia can lead to an asymmetric 
appearance of the penis afterward. 


6.3 Bladder Neck Reconstruction 
Bladder neck reconstruction is undertaken at the 
age of 4-5 years, where it can be expected that 
the child can cooperate actively with toilet train- 
ing. A prerequisite for bladder neck repair is a 
bladder capacity of more than 60 ml (Ben- 
Chaim et al. 1996) or 100 ml, respectively 
(Dickson 2014). Today the Young-Dees- 
Leadbetter procedure is recommended (Inouye 
et al. 2013). 

Since nearly all patients suffer from VUR, 
new ureteral implantation must also be performed 
too. Afterward muscle flaps are created from the 
mid-trigone to the prostatic urethra, and these 
flaps are closed over a catheter in order to pro- 
duce a bladder neck. In cases where the bladder 
neck is wide open or continence is inadequate, 
submucosal injection of Teflon, collagen, or sili- 
cone microspheres can be an alternative treat- 
ment choice (Kelly 1998). 
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Take Away 

Management of bladder exstrophy aims 
to result in a well, dry, fertile, and happy 
(both cosmetically and functionally) adult. 
Therapy of bladder exstrophy consists of 
staged surgical repair. Factors for success- 
ful outcome of bladder closure have been 
identified. VUR is common after bladder 
closure. 


7 Outcome of Bladder 


Exstrophy 
7.1 Vesicoureteral Reflux 


Vesicoureteral reflux will be present in nearly all 
patients after bladder closure, thus making antire- 
flux surgery necessary. Pyelonephritis and renal 
scarring are reported to occur in 25-50% of 
patients (Hollowell et al. 1992). 


7.2 Bladder Function 

Generally, besides bladder capacity, urodynamic 
parameters decline after bladder neck reconstruc- 
tion, thus leading to the search for alternative sur- 
gical strategies (Canning 1996). After bladder 
closure, up to 80 % of patients will have normal fill- 
ing urodynamics before bladder neck reconstruction 
(Canning 1996; Diamond et al. 1999). Following 
bladder neck reconstruction, only 25% of patients 
will exhibit normal detrusor function (Canning 
1996; Diamond et al. 1999; Stein et al. 1994). 
Bladder capacity is about one-third of the expected 
age-matched bladder capacity before bladder neck 
repair and will be about half of the expected bladder 
capacity afterward (Diamond et al. 1999). 


7.3 Continence 


Kelly evaluated achieved continence in a series of 
26 patients older than 6 years who underwent 
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sphincter reconstruction at the Royal Children’s 
Hospital Melbourne (Kelly 1998). Patients were 
classified as being physiologically continent 
(voluntary urinary control, only sporadic night- 
time wetting), socially continent (imperfect blad- 
der control, adjustments for daily life such as 
pads necessary), or incontinent (urine leakage 
cannot be prevented). Of these 26 patients, 40 % 
belonged to the physiologically continent group, 
30% to the socially continent group, and 30% 
were incontinent. Therefore, it can be expected 
that about two-thirds of the patients will achieve 
some kind of continence after surgical repair of 
bladder exstrophy. In recent publications, these 
figures were reported to be improved (Dickson 
2014). About 70 % of patients are dry during day 
and night, and 15-20% being incontinent with no 
significant sex difference. 


7.4 Psychosexual Function 


and Fertility 


It has been reported that about 70% of adoles- 
cents and 33 % of younger school-aged children 
will have behavioral, social, and school compe- 
tency problems (Ben-Chaim et al. 1996). The 
beginning of sexual activity seemed to be 
delayed. Following staged repair of bladder 
exstrophy, males will be able to have erections, 
but about one-third will describe the erections as 
unsatisfactory due to the small penis appearance. 
Only a minority will father children, mainly 
because of obstruction of the ejaculatory ducts 
and associated infections. Retrograde ejaculation 
seems to be an additional problem (Ben-Chaim 
and Gearhart 1996). Similar findings were 
reported by Stein et al. (1994), who investigated 
101 patients after urinary diversion with and 
without genital reconstruction. No male with 
genital reconstruction could ejaculate normally 
and had fathered children, whereas all patients 
without genital reconstruction could ejaculate 
normally, and 40% had fathered children (Stein 
et al. 1994). Therefore, genital reconstruction and 
closure of the urethra in males are burdened with 
the risk of infertility. 
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Recently Salem et al. reported a long-term 
evaluation in male patients with bladder exstro- 
phy (Salem and Eisa 2012). One-third of those 
patients were married, 40% of those having 
fathered children, 75% of them after normal 
conception, and 25 % using assisted reproductive 
techniques. 

However, 92% of women are satisfied with 
the cosmetic outcome. Nearly all woman can 
engage in sexual intercourse, but a quarter con- 
sider it as unpleasant or painful (Stein et al. 
1994). Pregnancies have been reported to occur 
(Ben-Chaim et al. 1996; Stein et al. 1994). 


Take Away 

In up to three-quarters of patients, behav- 
ioral, social, and school competency prob- 
lems can be expected. The majority of 
patients will be sexually active. In males, 
genital reconstruction seems to be bur- 
dened by the risk of infertility. The major- 
ity of women will be satisfied with the 
cosmetic outcome, and pregnancies occur. 


8 Imaging in Epispadias- 
Exstrophy Complex 


Various imaging modalities are involved during 
the tortuous course of patients suffering from 
the epispadias-exstrophy complex (Wood 1990). 
In newborns with bladder exstrophy, chest films 
are taken as a part of the preoperative workup 
within the first days of life. Pelvic X-rays depict 
the skeletal deformity. Plain films of the lumbar 
spine should be evaluated with the chest film for 
vertebral anomalies. 

Ultrasound examinations of the entire abdo- 
men (including kidneys) and the spinal canal 
should be performed to assess coexisting mal- 
formations. In the case of premature babies, 
the US study should be completed by a cranial 
US for the evaluation of intraventricular hem- 
orrhage. After bladder closure, voiding cysto- 
urethrography (VCUG) is the method of choice 
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for demonstration and grading of VUR. Using 
Fotter’s modified VCUG technique, functional 
information regarding detrusor contractions can 
be obtained during the same investigation (Fotter 
et al. 1986; Fotter 1992, 1994, 1996) (see chap- 
ters “Video Urodynamics” and ‘“Neurogenic 
Bladder in Infants and Children”). 

Complete workup of the lower urinary tract 
regarding the simultaneous assessment of mor- 
phology and functional disorders can be achieved 
by videourodynamics, if available (see chapter 
“Video Urodynamics’”’). Since the bladder outlet 
and urethral morphology are of particular interest 
in these patients, at any time of the staged surgi- 
cal correction, there is no role for a direct radio- 
nuclide cystogram and ce-VUS. 

Renal US, potentially including 3D US and 
volumetry, will allow noninvasive monitoring of 
kidney growth. Furthermore, dilatation of the 
pelvico-caliceal system can be detected. In cases 
of suspected reflux nephropathy, isotope studies 
(DMSA scans) or MR urography should be per- 
formed (Riccabona 2007). Added Doppler 
sonography assesses renal perfusion in the long 
term. Serial US examinations of the urinary blad- 
der, including the estimation of the residual urine, 
give information about bladder filling capacity 
and the voiding function. There is a role for 3D 
US, which provides the generation of 3D ana- 
tomic images and allows more accurate estima- 
tions of bladder volume than those derived from 
two orthogonal sections using the ellipsoid for- 
mula (Riccabona et al. 1996). 

For long times intravenous urography (IVU) 
was the standard method for the evaluation of the 
upper urinary tract in terms of morphology, semi- 
quantitative estimation of kidney function, and 
dynamics of urinary drainage. This has been 
replaced by MR urography which is now the 
method of choice (Riccabona 2007); IVU is 
reserved to a limited number of patients with spe- 
cial questions especially after surgery or if MRI 
is not available. 

After antireflux surgery serial US examina- 
tions including color Doppler sonography (CDS) 
are mandatory. It has to be mentioned that a 
decreasing size of pelvico-caliceal dilatation, 
after an initial increase, can be also caused by a 
decrease in renal urine production, i.e., kidney 
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function. Dynamic scintigraphy can be help- 
ful in this situation; technique of and indica- 
tion for other imaging modalities should follow 
the (procedural) recommendations of the ESPR 
“Abdominal (GI & GU) Imaging Task Force” 
(Riccabona et al. 2008, 2009, 2010). 

For the standardized and reproducible assess- 
ment of the split renal function and urine drain- 
age, isotope studies are performed. Nowadays MR 
urography may represent an alternative, thus avoid- 
ing the hazards of radiation (Riccabona 2007). 

For imaging of the skeletal features in the 
epispadias-exstrophy complex, especially in 
patients who did not undergo pelvic osteotomies, 
multislice computed tomography or musculo- 
skeletal MR with subsequent 3D reconstructions 
provides a valuable tool. The underlying skeletal 
deformities can be assessed and the necessary 
parameters obtained, as needed for orthopedic 
correction (Yazici et al. 1998; Gargollo et al. 
2005). 

Magnetic resonance imaging is the best choice 
for imaging of spinal problems beyond the neo- 
natal period. Patients suffering from cloacal 
exstrophy and coexisting myelomeningoceles 
can be evaluated for postoperative complications 
such as the tethered cord syndrome. In addition, 
in these patients MRI can be used for assessment 
of the pelvic floor, the urinary bladder, the 
gonads, the uterus, and the rectum. 


Take Away 
Still plain films of the chest, the pelvis and 
the spine are mandatory. In the neonatal 
period, US can be used for assessment of 
coexisting renal and spinal malformations. 
Modified VCUG assesses both lower uri- 
nary tract function and morphology. 

Videourodynamics, if available, allows 
complete workup of the lower urinary tract. 
After antireflux surgery serial US examina- 
tions and an abbreviated IVU can be help- 
ful in troublesome cases of evaluation of 
urine drainage. 

MR urography is increasingly becoming 
the noninvasive alternative for isotope 
studies. 


Epispadias-Exstrophy Complex 


~ Conclusion 

The epispadias-exstrophy complex represents 
a spectrum of malformations ranging from epi- 
spadias to cloacal exstrophy, with classical 
bladder exstrophy being the most common 
form occurring more frequently in boys. 
Several variants exist which are more frequent 
in girls. Concomitant malformations are pres- 
ent. Today treatment consists of a staged surgi- 
cal repair. VUR is one of the most frequent 
complications. Imaging must be directed to 
detect associated malformations as well as to 
monitor surgical success. Moreover imaging 
should follow international established guide- 
lines such as those from the ESPR Abdominal 
(GI & GU) Imaging Task Force. 
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complex urinary tract infection-permanent 
renal damage (Yeung et al. 2006a, b; Batisky 
1996), which in addition are very closely asso- 
ciated (Chen et al. 2004). Furthermore, “void- 
ing dysfunction” probably is also a causal 
factor for the development of VUR (Barroso 
et al. 2001; Koff et al. 1979; Nasrallah and 
Simon 1984; Homsy et al. 1985; Scholtmeijer 
and Nijman 1994; Koff 1992). 

However, in textbooks and scientific publica- 
tions, VUR and non-neurogenic bladder- 
sphincter dysfunction are commonly dealt with 
separately; furthermore, only little new knowl- 
edge has been published over the last decade, 
whereas increasingly nice overview articles are 
available (Nepple and Cooper 2014). As a clini- 
cal consequence, regular management often con- 
sists of ad hoc treatment for every UTI with only 
minor attention to an underlying bladder dys- 
function. This monosymptomatic approach may 
cause undue morbidity from non-neurogenic 
bladder-sphincter dysfunction and UTIs in a 
group of patients with a prevalence as high as 
40% for VUR and 30% for reflux nephropathy 
(Van Gool 1995; Koff et al. 1979; Griffith and 
Scholtmeijer 1987; Van Gool et al. 1992a). This 
problem is further enhanced by a mislabeling: 
The nighttime component of wetting is often 
misinterpreted as enuresis nocturna, although 
the wetting is not exclusively at nighttime (Van 
Gool 1995). 

In addition, numerous definitions and cate- 
gories are in use for non-neurogenic bladder- 
sphincter dysfunction, blaming either the 
bladder or the urethral sphincter for the various 
clinical expressions. In this chapter not only the 
spectrum of voiding dysfunction will be 
described but how dysfunction is embedded 
into a disease; complex UTI and renal damage 
will be shown. Furthermore, the associations 
and the causal relationship to VUR, UTI, renal 
damage, and constipation will be discussed, 
and the various clinical manifestations will be 
elucidated. 

In the past imaging and research predomi- 
nantly were focused on VUR, and pediatric radi- 
ologists mostly were not adequately aware of the 
important role that non-neurogenic bladder- 
sphincter dysfunction plays in this common 
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nephrourologic disease complex. Though void- 
ing dysfunction is one of the most underestimated 
topics in pediatric uroradiological daily work, 
education, and research, still pediatric radiolo- 
gists are often the first and only experts who get 
in touch with those children. Missing recognition 
of dysfunction may lead to treatment delay or 
failure; it may also increase treatment costs 
(Benoit et al. 2002). Furthermore, it may lead to 
reimplantation surgery failure, and last but not 
least, it may lead to renal damage. 


2 Terminology: Categorization 


Different terminologies and categorizations have 
been used for children who present with varying 
degrees of “functional” urinary symptoms. Some 
are based on the urodynamic pattern (reflecting 
the underlying pathophysiology and the diagno- 
sis), others on clinical presentation. The term 
“urge syndrome” has been used to describe both 
the clinical symptoms and the overactivity of the 
detrusor muscle (unstable bladder). As uninhib- 
ited detrusor contractions — the underlying 
pathology of unstable bladder — cannot be dem- 
onstrated in all children during a urodynamic 
study, although the symptoms are indicative of an 
overactive detrusor, it would be better to use the 
term unstable bladder or overactive bladder for 
these patients presenting with frequency and 
urge — with or without incontinence. Over the last 
years, numerous articles dealing with all aspects 
of non-neurogenic bladder-sphincter dysfunction 
in infants and children have been published, 
though little new insight has been presented in 
the last 15 years. 

A broad spectrum of terms is still in use for 
sometimes overlapping patterns of pediatric non- 
neurogenic bladder-sphincter dysfunction, such 
as non-neuropathic vesicourethral dysfunction 
(Koff 1984), overactivity of the bladder and stri- 
ated urethral muscle (Van Gool et al. 1984), non- 
neuropathic or non-neurogenic bladder-sphincter 
dysfunction (Hoebecke et al. 1999), dysfunc- 
tional bladder (Hinman 1986), unstable bladder 
(Koff 1982), non-neurogenic neurogenic bladder 
(Allen 1977), and Hinman syndrome (Hinman 
1986). 
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Non-neurogenic neurogenic bladder or the so- 
called Hinman syndrome is the extreme end of the 
spectrum of non-neurogenic bladder-sphincter 
dysfunction. This syndrome shows severe clinical 
manifestations including urinary retention, severe 
bladder-sphincter dysfunction, VUR, hydrone- 
phrosis and hydroureter, as well as renal scarring 
(see respective other chapters in this book). 

Voiding dysfunction is a rather vague, today 
commonly used overall term in the literature for 
urinary symptoms resulting from non-neuro- 
genic bladder-sphincter dysfunction. It presents 
with a mixture of lower urinary tract symptoms — 
in particular urge, urge incontinence, frequency, 
infrequency, and UTI. Furthermore, voiding dys- 
function is used as a misnomer for dysfunctional 
voiding. This term describes a sign and is now 
used in an imprecise way as well, because it is 
indiscriminately applied to two pathophysiologi- 
cally different disturbances that may overlap and 
coincide but may require different treatment. 
One is overactivity of the detrusor during blad- 
der filling, which is represented by uninhibited 
detrusor contractions (unstable or overactive 
bladder). The other is overactivity of the exter- 
nal urethral sphincter during voiding (dysfunc- 
tional voiding in particular) (Koff 1982). These 
children may also demonstrate uninhibited 
detrusor contractions indicative for unstable 
bladder on urodynamic studies and clinically 
often present with urge and frequency, with or 
without incontinence. 

There are at least three theories on how those 
two patterns of dysfunction are seen in terms of 
categorization and treatment. In the first, there 
are two distinct entities that can manifest in isola- 
tion or in combination. The second theory states 
that there is a spectrum ranging from minor 
unstable detrusor contractions during higher fill- 
ing volumes of the bladder to the full-blown type, 
the so-called Hinman syndrome at the far end of 
the spectrum. The third theory claims that the two 
entities are closely related and are two compo- 
nents of the dysfunctional voiding complex with 
different expression. Referring to the latter the- 
ory, there is disagreement about whether the pri- 
mary abnormality is overactivity of the detrusor 
during bladder filling or overactivity of the exter- 
nal urethral sphincter during voiding. 


Bauer (1992) grouped into primarily unstable 
bladder (small capacity, hypertonic bladders, and 
detrusor hyperreflexia), infrequent voiding asso- 
ciated with large-capacity bladders (lazy bladder 
syndrome), and psychogenic non-neuropathic 
bladder. 

Others such as Van Gool et al. (1992a, b) and 
Hjälmas (1992) published other urodynamic clas- 
sifications. Hjälmas (1992) described unstable 
bladder, sphincter dyscoordination, lazy bladder, 
and occult neurogenic bladder. Van Gool et al. 
(1992a) divided conditions into two main groups, 
urge syndrome and dysfunctional voiding; the lat- 
ter is subdivided into staccato voiding, fraction- 
ated voiding, and lazy bladder syndrome. 

Mayo and Burns (1990) confirmed the hypoth- 
esis that children with bladder instability and 
dysfunctional voiding represent two separate 
groups. They described one group with instabil- 
ity alone and a second group with dysfunctional 
voiding with or without instability. They found 
infection and/or VUR to be common in the for- 
mer, the more devastating urinary tract changes 
to occur in the latter group, particularly heavy 
trabeculation of the bladder. 

This confusing use of different terms in original 
articles, editorials, and review articles makes it not 
only difficult for the reader to understand this 
important topic but inhibits comparative research 
on diagnosis, treatment, outcome, and costs. 
Therefore, a standardization of lower urinary tract 
dysfunction in children has been published by the 
International Children’s Continence Society 
(Nørgaard et al. 1998, Nijman 2000). Two main 
dysfunctions are classified: unstable bladder (urge 
syndrome) and dysfunctional voiding (Table 1). 
The authors state that those disorders might not be 
the completely separate entities they seem, as tran- 
sitional phases between urge syndrome and dys- 
functional voiding do occur. Also, the associated 
complex of functional incontinence and recurrent 
urinary tract infection (UTD may start with detru- 
sor overactivity and hold maneuvers with a grad- 
ual progression to fractioned and incomplete 
voiding (dysfunctional voiding). 

All these rather divergent discussions on termi- 
nology and categories can be reduced to one com- 
mon pathophysiological denominator: impaired 
coordination between the smooth muscle of the 
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Table 1 Voiding disorders — definition and symptoms 


Normal voiding (toilet-trained children=as in healthy adults) 
Definition: 


No involuntary/uninhibited detrusor contractions during bladder filling, 


No contractions at full bladder even with physiologic urge 


Coordinated relaxation of external urethral sphincter when voiding = low intravesical pressure during emptying 
Detrusor-sphincter dysfunction during bladder filling (unstable bladder): 


Primary abnormality = failure to voluntarily suppress involuntary detrusor contractions 


Includes all stages 


From minor unstable detrusor contractions at large filling volume to high-amplitude unstable detrusor 
contractions at less filling, potentially combined with urge 


Compensation by voluntary constriction of external urethral sphincter to stay dry, causing increased intravesical 
pressure 


Leads to (urge) incontinence (clinically daytime wetting) or “hidden instability” with less specific voiding 
symptoms (clinically frequency and urge, UTI with/without VUR, constipation and/or fecal soiling) 


Detrusor-sphincter dysfunction during micturition (dysfunctional voiding): 


Overactivity of urethral closure mechanism during voiding 


Most severe form in childhood= Hinman syndrome, non-neurogenic neurogenic bladder 


Less common - clinically fecal retention/soiling, emotional disturbance, psychosocial problems 


Bladder trabeculation, diverticula, VUR, and upper tract dilatation, large post-void residual urine volume 


Three main forms: 


Staccato voiding — caused by bursts of pelvic floor activity during voiding, resulting in bladder pressure peaks 
with interrupted urinary flow 


Fractioned voiding — caused by detrusor muscle hypoactivity, voiding = several unsustained detrusor 
contractions, low voiding frequency, large bladder capacity 


Lazy bladder syndrome — long-standing dysfunctional voiding and resulting detrusor decompensation, voiding 
achieved by abdominal pressure; leads to large residual urine volume 


Adapted from Riccabona (2012) 


urinary bladder (the detrusor muscle) and the 


striated muscle of the external urethral sphincter dysfunctional voiding. The common 


(pelvic floor muscles) which leads to repeated 
pathologically high intravesical pressure during 
bladder filling and/or voiding with all its negative 
consequences for the bladder, the ureterovesical 
junction, the ureteric orifices, the ureters, and the 
kidneys. 


Take Away 
The classification of the International 


denominator of lower urinary tract dys- 
function is bladder-sphincter dyscoordina- 
tion leading to chronic high intravesical 
pressure with resulting negative conse- 
quences for the urinary tract. 


Incidence 


Children’s Continence Society should be 
used to eliminate confusion, to facilitate 
and enable comparative research and meta- 
analyses. This classification recognizes 
two main dysfunctions: overactive bladder 
or unstable bladder (urge syndrome) and 


Bauer et al. (1980) found that the majority of 
children with urinary tract dysfunction had an 
unstable bladder, and only a small number had 
the severest type of dysfunction, which is called 
non-neurogenic neurogenic bladder (Allen 
1977). Schulman et al. (1999) described an 
unstable bladder or urge syndrome in 52% of 
cases of non-neurogenic bladder-sphincter 
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dysfunction followed by dysfunctional voiding 
in 25 %. Himsl and Hurwitz (1991) state as well 
that the underlying problem in the great major- 
ity of children with functional disorders of the 
lower urinary tract is an unstable bladder. 

The study by Mayo and Burns (1990) and the 
publication of Hoebeke et al. (1999) show that 
the number of cases with unstable bladder is 
around 60%. Passerini-Glazel et al. (1992) 
describe a rate of unstable bladder of 90% in 
children with non-neurogenic bladder-sphincter 
dysfunction. In 156 children with daytime incon- 
tinence, Van Gool et al. (1992a) found an unsta- 
ble bladder in 53 % and dysfunctional voiding in 
59 %. Weerasinghe and Malone (1993) reported 
an unstable bladder in 54% and dysfunctional 
voiding in 3.5 %. In a study on the utility of vid- 
eourodynamics in children with UTI and non- 
neurogenic  bladder-sphincter dysfunction, 
Glazier et al. (1997) also found a majority of 
cases with unstable bladder and only 30% of 
patients with dysfunctional voiding. Hoebeke 
et al. (2001) — in a publication about 1,000 vid- 
eourodynamic studies in children with non- 
neurogenic bladder dysfunction — found urge 
syndrome (overactive bladder or unstable blad- 
der) in 58 % (male:female ratio 58:42), dysfunc- 
tional voiding (overactivity of the external 
urethral sphincter) in 32% (male:female ratio 
49:51), and lazy bladder in 4% (male:female 
ratio 20:80). Furthermore, he found that the age 
distribution provided evidence against a dys- 
function sequence as mentioned above. 
Furthermore, urinary incontinence decreases 
with a similar rate in boys and girls — in spite of 
a higher prevalence of daytime incontinence in 
girls than in boys (Swithinbank et al. 2010). 


Take Away 

The prevalence of non-neurogenic bladder- 
sphincter dysfunction (“voiding dysfunc- 
tion”) in children is high. One or more 
symptoms of disturbed bladder function 
were reported in up to 26% of children. 
Overactive bladder (unstable bladder) turned 
out to be the most common dysfunction. 


4 Physiology 


For many years uninhibited detrusor contractions 
have been considered a normal phenomenon in neo- 
nates. In several publications a normal functioning 
infant bladder has been described as unstable 
(Hjalmas 1988; Lapides and Diokno 1970; Couillard 
and Webster 1995). A possible explanation was a 
lack of cortical inhibition of the micturition reflex 
(Muellner 1960; de Groat 1993). But recently, the 
hypothesis that uninhibited detrusor contractions are 
physiological in neonates was challenged by Yeung 
et al. (1995), who observed detrusor instability in 
only 1 out of 21 normal infants using natural filling 
cystometry. Therefore, it was concluded that the 
function of the infant bladder is under control of 
higher centers, and uninhibited detrusor contractions 
are an abnormal phenomenon resulting from a lack 
of inhibition through the central nervous system. 

Yeung et al. (1995) suggested that “incomplete 
coordination between detrusor contraction and 
urinary sphincter relaxation could be normal.” In a 
further study by Yeung et al. (1998), two separate 
patterns of micturition could be distinguished: a 
normal pattern typified by a continuous urinary 
stream coordinating with a detrusor contraction 
and an immature pattern typified by an interrupted 
stream and apparently dyscoordinated micturition. 
This is in agreement with our own observations. 

By the age of 4-5 years, many children have 
been toilet trained successfully and have adopted 
an adult pattern of urinary control. This is also 
characterized by the absence of involuntary or 
uninhibited detrusor contractions during bladder 
filling. Even if the bladder is full and there is a 
strong desire to void, no bladder contractions will 
occur. With micturition, coordinated relaxation 
of the external urethral sphincter takes place. 
Therefore, bladder emptying is under low intra- 
vesical pressure in children and adults. 


Take Away 

From the immature bladder with a yet 
incomplete coordination between detrusor 
contraction and urinary sphincter relax- 
ation, a complex maturation process takes 
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years to eventually achieve the adult pat- 
tern of urinary control. Nevertheless, unin- 
hibited detrusor contractions probably are 
an abnormal phenomenon even in neonates 
resulting from a lack of inhibition through 
the central nervous system. 


5 Toilet Training (Bladder 
Control) 


Toilet training is a highly complex process that is 
normally completed during the first 4—6 years of 
life; much of it is not completely understood. In 
addition to a normal anatomy of the lower uri- 
nary tract, a diffuse neuronal network must be 
present, centrally connected, and controlled. 
Bladder emptying of the young infant is reflex- 
ive; it undergoes a gradual change to the volun- 
tary control of micturition as the central nervous 
system gains control of the micturition process 
during the first 4-5 years of life. Daytime control 
mostly precedes nighttime continence. The 
development of continence and voluntary mictu- 
rition needs maturation of the nervous system 
and behavioral learning. Cognitive perception of 
the maturing urinary tract is a prerequisite for toi- 
let training. This implies a high susceptibility to 
the development of non-neurogenic bladder- 
sphincter dysfunctions. 

Feeding typically stimulates micturition in 
infants, which is under control of the pontine- 
mesencephalic micturition center in the brain 
stem — with only minimal cortical influence. To 
gain normal bladder function, there are specific 
developments while the child is maturing. The 
bladder capacity has to increase, which takes 
place by about 30 ml per year until puberty. The 
cortical inhibitory pathways to and from the pon- 
tine micturition center develop between 1 and 3 
years of age, allowing the child to gain voluntary 
control over the reflexes that control the detrusor 
and sphincter muscles. This development gives 
the child the possibility to feel bladder fullness 
and initiate or inhibit a detrusor contraction 
voluntarily, thus suppressing voiding at socially 
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inappropriate places and times. Normal urinary 
bladder control is mostly achieved by the age of 4 
years. At this age the urethral sphincter reflex- 
ively constricts during bladder filling and relaxes 
during a voluntary detrusor contraction, allowing 
micturition to occur. 

Non-neurogenic bladder-sphincter dysfunc- 
tion is thought to originate from behavioral fac- 
tors that affect toilet training and inhibit the 
maturation of normal urinary control. Since the 
gastrointestinal tract plays a prominent role in 
lower urinary tract dysfunction, the term dys- 
functional elimination syndromes (Koff et al. 
1998) is applied, if functional bowel disturbances 
are associated in terms of chronic constipation 
and encopresis. 


Take Away 

Toilet training is a highly complex process 
that is normally completed during the first 
4-6 years of life. The development of conti- 
nence and voluntary micturition needs mat- 
uration of the nervous system and behavioral 
learning. Cognitive perception of the matur- 
ing urinary tract is a prerequisite for toilet 
training. This implies a high susceptibility 
to the development of non-neurogenic blad- 
der-sphincter dysfunctions, which are 
thought to originate from behavioral factors 
that affect toilet training and inhibit the 
maturation of normal urinary control. 


6 Pathophysiology 


If abnormalities of toilet training and aberrations 
in the development of normal urinary control per- 
sist, pathologic significance increases as the child 
becomes older. 

For purposes of a better understanding of the 
pathophysiology and enabling comparative 
research on the impact on therapeutic efficacy, on 
outcome, on cost effectiveness, and on life qual- 
ity, and referring to the abovementioned discus- 
sion on categorization, two main types of 
dysfunction can be subdivided — according to 


Non-neurogenic Bladder-Sphincter Dysfunction (“Voiding Dysfunction”) 


403 


whether the dysfunction occurs during bladder 
filling or during bladder emptying (or both). 


Detrusor-Sphincter Dysfunction During Bladder 
Filling (Unstable Bladder or Overactive 
Bladder) The primary abnormality is the failure 
to suppress involuntary detrusor contractions due 
to the inability to exert complete voluntary con- 
trol over the micturition reflex. This dysfunction 
ranges from minor unstable detrusor contractions 
at high filling volumes to the severe type with 
high-amplitude unstable detrusor contractions at 
lesser bladder-filling volumes, frequently but not 
always combined with an urge to void. 

The child, attempting to maintain continence 
during such contractions, must voluntarily and 
tightly constrict the external urethral sphincter to 
stay dry. This results in simultaneous and unphys- 
iological contraction of both the bladder and 
external urethral sphincter. During this event 
functional urinary obstruction and high intravesi- 
cal pressure develop and persist until the bladder 
either relaxes or empties. 

In about 70% of cases, this dysfunction leads 
to (urge) incontinence, which is clinically mani- 
fested as wetting (mostly daytime but nighttime 
as well). But even in severe cases, the obligatory 
voluntary contraction of the striated urethral 
sphincter against the contracting detrusor can 
prevent leakage in up to 30% of cases. 

The clinical symptoms of an unstable bladder 
are frequency, urge, and urge incontinence. 
Uninhibited detrusor contractions leading to 
symptoms such as urgency, frequency, and urge 
incontinence can be called overactive bladder 
syndrome (Staskin and Dmochowski 2002). 

Unstable bladder (overactive bladder) is the 
most common non-neurogenic bladder-sphincter 
dysfunction, accounting for 175 cases out of 226 
children in a study by Hellerstein and Linebarger 
(2003). Children with this dysfunction use 
various posturing maneuvers (e.g., Vincent’s 
curtsy) to avoid urinary incontinence. Children 
who are able to avoid incontinence showed a sig- 
nificantly higher incidence of UTIs than those 
who did not attempt to obstruct urine outflow 
(Hellerstein and Linebarger 2003). This means 
that the lack of wetting does not exclude unstable 


bladder. These children may present with irritat- 
ing voiding symptoms such as frequency and 
urge with UTI, with and without VUR, reflux 
nephropathy, constipation, and/or fecal soiling. 
Especially in primary nocturnal enuresis not 
responding to treatment, an unstable bladder not 
only during sleep but also during daytime may 
be detected. 


Detrusor-Sphincter Dysfunction During Mictu- 
rition (Dysfunctional Voiding) The primary 
abnormality of this dysfunction is overactivity 
of the urethral closure mechanism during void- 
ing. The most severe form of dysfunctional 
voiding in childhood is the Hinman syndrome 
(Hinman 1986) or the so-called non-neurogenic 
neurogenic bladder (Allen 1977). This syndrome 
includes fecal retention and soiling, emotional 
disturbances with family psychosocial prob- 
lems, bladder trabeculation, diverticula, VUR, 
and upper tract dilatation. In addition, there is a 
large post-void residual urine volume. Unstable 
bladder is mostly associated. This severe type of 
dysfunction is uncommon; more commonly seen 
are children with less severe symptoms of dys- 
functional voiding. Dysfunctional voiding can be 
subdivided into the following three types: 


Staccato voiding is caused by bursts of pelvic 
floor activity during micturition resulting in 
peaks in bladder pressure together with interrup- 
tion in urinary flow. 

Fractionated voiding is caused by hypoactiv- 
ity of the detrusor muscle, and voiding consists of 
several unsustained detrusor contractions each 
with its own flow. Voiding frequency tends to be 
low, and bladder capacity is large. 

Lazy bladder syndrome is the consequence of 
long-standing dysfunctional voiding. It results 
from detrusor decompensation. Abdominal pres- 
sure is mostly responsible for voiding, and large 
residual urine volume can be observed (Nørgaard 
et al. 1998). 

It is important to consider that with any type 
of bladder-sphincter dysfunction, an obstruction 
of the lower urinary tract is associated. In the 
case of unstable bladder, this occurs during blad- 
der filling; in the case of dysfunctional voiding, 
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this happens during bladder emptying. Resulting 
high intravesical pressure is the main mediator 
that leads to morphologic changes of the urinary 
bladder in terms of trabeculation and formation 
of diverticula with negative consequences for the 
ureteric orifices. The development of VUR prob- 
ably has its main cause in the anatomical distor- 
tion of the uretero-vesical junction as a 
consequence of chronic high pressure; high pres- 
sure itself does not cause VUR (Koff 1992). In 
cases of borderline competent ureteric orifices, 
chronic high pressure itself may directly induce 
and perpetuate VUR. 

Especially in cases of dysfunctional voiding 
with upper tract dilatation and even reflux 
nephropathy, high intravesical pressure and 
morphologic distortion of the bladder are asso- 
ciated (Naseer and Steinhardt 1997). It has to be 
underlined that the clinical expression of dys- 
functional voiding is not only staccato voiding 
or fractionated incomplete voiding but also clin- 
ical symptoms such as frequency and urgency 
with and without incontinence as well and 
recurrent UTIs. Wetting in fractionated voiding 
is probably intrinsically a form of overflow 
incontinence. 


Take Away 

Functional obstruction is the central prob- 
lem in non-neurogenic bladder-sphincter 
dysfunction. Bladder distortion, VUR, 
upper urinary tract dilatation, UTI, and 
reflux nephropathy are potential 
consequences. 


7 Constipation 


Worldwide constipation is a common problem 
in children. Estimated prevalence rates have 
varied from 4 to 37 % (Yong and Beattie 1998; 
Van der wal et al. 2005; De Araújo Sant’ Anna 
and Calcado 1999; Zaslavsky et al. 1988; Maffei 
et al. 1997). Constipation may vary from mild 
and short lived to severe and chronic and is 
sometimes associated with fecal and urinary 
incontinence, UTI, and abdominal pain. The 
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prevalence of fecal incontinence ranges in chil- 
dren from about 0.3% to 8% (Van der Wal et al. 
2005; Bellman 1966; Howe and Walker 1992). 
In a study by Loening-Baucke (2007), a preva- 
lence rate of 22.6% for constipation, 4.4 % for 
fecal incontinence, and 10.5% for urinary 
incontinence in a US primary care clinic was 
found. In this study on 482 children, the fecal 
incontinence was coupled with constipation in 
95 % of their children. From the 10.5 % preva- 
lence rate for urinary incontinence, 3.3 % were 
found for daytime only, 1.8 % for daytime with 
nighttime, and 5.4% for nighttime urinary 
incontinence. And it was concluded that fecal 
and urinary incontinence was significantly more 
commonly observed in constipated than non- 
constipated children. 

Koff et al. (1998) termed functional bowel 
and bladder disorders — including unstable blad- 
der, constipation, and infrequent voiding — dys- 
functional elimination syndromes. He considers 
non-neurogenic bladder-sphincter dysfunction 
as only one part of the spectrum of functional 
disturbances that affect VUR and UTI. In his 
study on 153 children with primary VUR, he 
showed that 56 % had dysfunctional elimination 
syndromes. The phenomenon of an association 
of overactive bladder, infrequent voiding, recur- 
rent UTI, anatomic bladder distortion, upper 
urinary tract dilatation, VUR, residual urine, 
and a negative effect upon the reimplanted ure- 
ter with constipation remains incompletely 
understood (Blethyn et al. 1995; Dohil et al. 
1994; O’Regan et al. 1986; Savage 1973; 
Loening-Baucke 1997; Shopfner 1968). It is 
postulated that a mechanical effect of the full 
rectum displacing the bladder, distorting the 
bladder base, and elongating the urethra might 
be responsible (Shopfner 1968; Dohil et al. 
1994). Another explanation might be the similar 
spinal innervation of the urethral and anal 
sphincters. Although the precise causal relation- 
ship remains unknown, a study by Loening- 
Baucke (1997) showed that the treatment of 
constipation played an important role in suc- 
cessful treatment of daytime and nighttime uri- 
nary incontinence and recurrent UTI in children 
without urologic anatomic abnormalities. 
Therefore, for evaluating and treating UTI and 
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primary VUR, the assessment of bladder and 
bowel function disturbances is essential 
(Burgers et al. 2013). In addition dysfunctional 
elimination syndromes might lead to idiopathic 
urethritis which is a common childhood prob- 
lem characterized by blood spotting in the 
underwear between voiding (Herz et al. 2005). 
The authors showed a higher cure rate when 
children with idiopathic urethritis were treated 
according to dysfunctional elimination syn- 
drome guidelines. 

Dysfunctional syndromes in 
childhood may have a negative impact on bladder 
and bowel function later in life. Women with uro- 
gynecological symptoms had significantly higher 
childhood dysfunctional elimination syndrome 
scores than normal women. 


elimination 


Take Away 

Fecal and urinary incontinence are more 
commonly observed in constipated than 
non-constipated children. Constipation 
and/or encopresis is commonly associated 
with non-neurogenic bladder-sphincter 
dysfunction; comprehensive treatment is 
mandatory for successful management of 
affected children. Idiopathic urethritis 
might be a manifestation of an underlying 
dysfunctional elimination syndrome. 


8 Urinary Tract Infection (UTI) 
and Uretero-vesical Reflux 
(VUR) in Voiding Dysfunction 


As mentioned above non-neurogenic bladder- 
sphincter dysfunction is one important risk fac- 
tor among others in the disease complex 
UTI-renal damage (Van Gool 1995). It has a 
strong correlation with recurrent UTI and break- 
through infections and may also delay the spon- 
taneous resolution of VUR (Allen 1977; 
Bachelard et al. 1998; David et al. 1998; 
Hellström et al. 1987; Hinman and Baumann 
1973; Koff 1982; Koff and Murtagh 1983; Koff 
et al. 1979; Lapides and Diokno 1970; Naseer 
and Steinhardt 1997; Smellie et al. 1988; 


Snodgrass 1998; van Gool et al. 1984; Wan et al. 
1995; Mazzola et al. 2003; Feldman and Bauer 
2006; Chen et al. 2004; Schulman et al. 1999; 
Chiozza 2002; Hoebeke et al. 2001; Chandra 
1995). The well-known combination of primary 
VUR and UTI predisposing to pyelonephritis, 
renal scarring, hypertension, and chronic renal 
damage has formed the basis for diagnostic and 
therapeutic concepts over the last 25 years 
(Fanos and Cataldi 2004). 

Girls evaluated for UTI after toilet training 
have in 50-60% of cases typical symptoms of 
unstable bladder. Koff and Murtagh (1983) 
reported that unstable bladder was present in 54 % 
of children with VUR. Snodgrass (1998) reported 
an incidence of 33%. These authors concluded 
that unstable bladder might be the most common 
non-neurogenic bladder-sphincter dysfunction 
associated with VUR. Similarly, Homsy et al. 
(1985) demonstrated a doubled VUR resolution 
rate in children treated with anticholinergics com- 
pared to that in a historical control. 

In a study by Penido Silva et al. (2006), non- 
neurogenic bladder-sphincter dysfunction was 
identified in 94 (19.1%) girls and in 20 boys 
(11%) with VUR. The main clinical implication 
of this multivariate analysis was that gender as an 
isolated variable is a poor predictor of clinical 
outcome in an unselected series of primary 
VUR. Although boys in this study had a more 
severe VUR pattern at baseline, girls had a greater 
risk of recurrent UTI and non-neurogenic 
bladder-sphincter dysfunction during follow-up. 

Koff (1992) described two patterns of dys- 
function that have important implications on 
patients with VUR: the non-neurogenic neuro- 
genic bladder (Allen 1977; Hinman 1986) and 
the unstable bladder (Bauer et al. 1980; Koff and 
Murtagh 1983). The greatest degrees of VUR and 
the severest changes of the upper urinary tract 
including reflux nephropathy were found at the 
lowest bladder pressure. This can be explained by 
the sustained effect of chronically increased blad- 
der pressure that produces anatomical changes, 
including bladder wall thickening, bladder diver- 
ticula, and alterations of the ureterovesical junc- 
tion. It is the chronic effect of high pressure on 
the bladder that produces bladder decompensa- 
tion, leading to the lazy bladder syndrome with 
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infrequent voiding, now lower intravesical pres- 
sure and high residual urine volume. There are 
many studies dealing with the close association 
between VUR and non-neurogenic bladder- 
sphincter dysfunction (Van Gool et al. 1984; 
Hellstrom et al. 1987; Seruca 1989; Van Gool 
and Dejonge 1989; Griffith and Scholtmeijer 
1987; Fotter 1992; Pfister et al. 1996). An inter- 
esting study in this context was presented by Noé 
(1988), who showed the relationship between 
siblings’ VUR and dysfunctional voiding. He 
concluded that VUR is indeed polygenetic in its 
inheritance and significantly influenced by envi- 
ronmental factors such as dysfunctional voiding. 
Koff et al. (1998) suggested that there is a rela- 
tionship among dysfunctional elimination syn- 
dromes and that all children with VUR need to be 
carefully and specifically evaluated for unstable 
bladder, constipation, and infrequent voiding, 
because successful management may significantly 
improve the outcome of VUR and prevent break- 
through UTIs, thereby reducing the need for reim- 
plantation surgery and ultimately better ensuring 
kidney health. But children with VUR, non-neuro- 
genic bladder-sphincter dysfunction, and dysfunc- 
tional elimination syndromes remain at significant 
risk for a breakthrough UTI despite antibiotic pro- 
phylaxis, anticholinergic therapy, timed voiding, 
and regular bowel evacuation (Koff et al. 1998). 
Of greatest importance is the observation by 
Naseer and Steinhardt (1997) who, in their study 
on 538 patients with a history of daytime urinary 
incontinence, identified 51 children with VUR, 
UTI, and dysfunctional voiding in whom new 
renal scars had developed while they were under 
care. They concluded that voiding dysfunction is 
a significant risk factor not only for UTI and 
VUR development and perpetuation but also for 
the development of new renal scars when associ- 
ated with UTI and VUR. An association between 
urinary tract dysfunction and reflux nephropathy 
was also demonstrated by Nielsen et al. (1984). 
In their 1987 publication, Griffith and 
Scholtmeijer described two different VUR/dys- 
function complexes. One type included unstable 
bladder and VUR that frequently occurred on one 
side only; reflux nephropathy or upper urinary 
tract abnormalities were rare in this group. The 
other group included poorly contracting bladders 
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during voiding and overactivity of the external 
urethral sphincter. The bladder was usually stable 
and VUR occurred frequently on both sides; 
reflux nephropathy and upper urinary tract abnor- 
malities were relatively common. VUR in an 
unstable bladder occurred as a direct conse- 
quence of abnormally high detrusor pressure 
occurring during unstable bladder contractions. 
In the second group with a poorly contracting 
bladder (lazy bladder syndrome), VUR occurred 
at low detrusor pressure and often was bilateral. 

In the multivariate large-scale analysis of the 
relationship between dysfunctional elimination 
syndromes, UTI and VUR by Chen et al. (2004), 
the authors believe that both VUR and UTI are 
not independently associated with 
neurogenic bladder-sphincter dysfunction. The 
authors conclude that only together UTI and 
VUR are associated with non-neurogenic 
bladder-sphincter dysfunction. This is in agree- 
ment with the concept that non-neurogenic 
bladder-sphincter dysfunction together with 
chronic constipation and/or encopresis (dysfunc- 
tional elimination syndromes) causes UTI, and 
abnormal voiding pressures cause VUR to 
develop which would result in the observed asso- 
ciation (Chen et al. 2004). 

In a study by Yeung et al. (2004), it could be 
shown that the resolution of VUR significantly 
correlated with renal and bladder functional sta- 
tus at diagnosis. Normal renal and bladder func- 
tions at diagnosis were highly predictive of 
complete resolution of VUR, whereas abnormal 
renal and bladder functions were prognostic for 
persistence of VUR. 

Non-neurogenic bladder-sphincter dysfunc- 
tion in patients with renal transplantation may 
have a negative effect on the transplanted kidney 
(Van der Weide et al. 2006; Luke et al. 2003; 
Adams et al. 2004). In a study by Luke et al. 
(2003) comparing the long-term outcomes of 
graft survival between children with dysfunc- 
tional lower urinary tract and children with a nor- 
mal lower urinary tract, it was found that lower 
urinary tract pressure plays an important role in 
graft survival. The role of VUR into the renal 
allograft with chronic/recurrent, potentially sub- 
clinical infection is being increasingly recognized 
as a risk factor for transplant survival, and thus 
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antirefluxive surgery techniques are being pro- 
moted (see chapter “Imaging in Renal Failure, 
Neonatal Oligoanuria, and Renal Transplantation”) 


Take Away 

Non-neurogenic bladder-sphincter dys- 
function has a strong correlation with UTI 
and breakthrough infections, as well as 
with VUR and renal scarring. Successful 
management of voiding and bowel dys- 
function significantly improves the out- 
come of VUR, allows VUR resolution, and 
prevents breakthrough infections, thereby 
reducing the need for reimplantation sur- 
gery and ultimately better ensuring kidney 
health. 


9 Enuresis and Incontinence 


For therapeutic and prognostic reasons, it is 
important to distinguish between enuresis and 
incontinence. Enuresis is defined as normal void- 
ing occurring at an inappropriate time or place. 
Primary nocturnal enuresis is defined as bedwet- 
ting that is lifelong and that does not have an 
intervening dry period of at least 6 months. If 
there was a dry period of 6 months before recur- 
rence of nighttime wetting, it is called secondary 
nocturnal enuresis. Monosymptomatic nocturnal 
enuresis is bedwetting with normal daytime void- 
ing; in polysymptomatic nocturnal enuresis, bed- 
wetting is associated with daytime symptoms of 
frequency and urgency — with or without inconti- 
nence. Incontinence is the involuntary loss of 
urine together with non-neurogenic bladder- 
sphincter dysfunction — often in combination 
with UTI, constipation, and fecal incontinence. 

The causes of enuresis are always functional; 
the causes of incontinence may be organic or 
functional but are mostly functional (Kelleher 
1997). Functional causes can be divided as men- 
tioned above in this chapter into overactive blad- 
der (unstable bladder) and dysfunctional voiding 
in particular. 

At least one nocturnal enuresis event per 
month has been reported in over 10 % of children 


6 years of age (Lackgren et al. 1999), in 2-5 % of 
10 year olds (Nørgaard et al. 1998; Chiozza et al. 
1998; Lackgren et al. 1999) and 0.5-3.0% of 
adolescents (Spee-van der Wekke et al. 1998). 
The incidence of nocturnal enuresis is 
1.5-2 %-fold more frequent among boys than 
among girls (Hellström et al. 1990). 

Only monosymptomatic bedwetting without 
urge and UTI should be termed monosymptom- 
atic (or isolated) enuresis nocturna. Chandra 
(1998) states that children with isolated nocturnal 
enuresis have a lower prevalence of constipation 
and/or encopresis. Urge incontinence, mostly as 
a daytime symptom of bladder instability, may be 
combined with nighttime wetting. In this case 
bedwetting should not be categorized as enuresis 
but as incontinence. 

Several causal mechanisms in nocturnal 
enuresis have been described. Nørgaard et al. 
(1995) describe insufficient nocturnal production 
of arginine vasopressin and impaired renal sensi- 
tivity to this substance and to desmopressin. This 
leads to nocturnal polyuria, which might be one 
of the most important etiologic factors in noctur- 
nal enuresis. Koff (1995) describes an afferent 
and efferent developmental delay in terms of a 
failure of the central nervous system to recognize 
bladder fullness or contraction and to suppress 
the micturition reflex arc during sleep. He under- 
lines that this developmental delay is not respon- 
sible for all cases of nocturnal enuresis; etiology 
is indeed multifactorial. 

Chandra (1998) underscores that nocturnal 
enuresis results from an interaction of unstable 
detrusor contractions, delayed arousal from 
sleep, and nocturnal polyuria. Some children 
with nocturnal enuresis can hold urine well for 
several hours during the day and have isolated 
nocturnal enuresis, while others manifest diurnal 
voiding symptoms as well, including urinary fre- 
quency, urgency, urge incontinence, and pelvic 
withholding. Pathogenesis of isolated nocturnal 
enuresis may be different in comparison to chil- 
dren with daytime and nighttime wetting. In the 
latter, unstable detrusor contractions of overac- 
tive bladder may play a major role, whereas 
delayed arousal from sleep at bladder fullness 
may be the cause in patients with isolated noctur- 
nal enuresis. In children with isolated nocturnal 
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enuresis, sleep cystometry has also disclosed 
unstable bladder (overactive bladder) in 50% of 
cases (Nørgaard et al. 1989). Therefore, among 
several pathological factors that have been 
described in association with isolated enuresis 
nocturna, there may be a significant underlying 
non-neurogenic bladder-sphincter dysfunction, 
especially in children in whom treatment has 
failed (Medel et al. 1998; Yeung et al. 1999, 2004, 
2006b; Kajiwara et al. 2006). 

Chandra (1996) and Hellström et al. (1990) 
reported that 60 % of girls and 50% of boys with 
nighttime wetting manifested daytime wetting 
symptoms as well. In bedwetting the bladder may 
get full because of large production of nighttime 
urine or because of reduced bladder capacity. 
This reduced capacity could be the result of 
incomplete bladder relaxation or from uninhib- 
ited detrusor contractions while sleeping. If the 
child is a deep sleeper or manifests delayed sleep 
arousal, the full bladder may empty itself during 
sleep (Hjélmas 1995, 1997; Wille 1994; Nevéus 
et al. 1999). In normal children contraction of the 
detrusor during sleep leads to a change from deep 
to light sleep followed by arousal for urination 
(Watanabe et al. 1994). 

Another causal factor in enuresis nocturna 
might be rapid bladder filling (Nørgaard et al. 
1989). In this context the rare anatomic abnor- 
mality of a completely duplicated ureteral system 
in which an ectopic ureter empties directly out- 
side the bladder has to be kept in mind. In this 
case the upper renal moiety drains through a ure- 
ter that empties below the urethral sphincter or at 
some other ectopic site such as the vagina, uterus, 
or even the perineum. Hence, these children are 
wet all of the time. This condition occurs exclu- 
sively in girls. 

Altogether, it can be concluded that for thera- 
peutic and diagnostic reasons, it is essential to 
focus on the distinction between enuresis and 
incontinence. The term enuresis should be 
reduced to the symptom of isolated (monosymp- 
tomatic) primary nocturnal enuresis. These chil- 
dren void in bed while asleep and generally are 
not aroused by the wetting. The problem is that 
occult daytime wetting of bladder instability or 
dysfunctional voiding may coexist. The polyetio- 
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logic mechanism may include daytime unstable 
bladder, nocturnal bladder contractions, failure of 
antidiuretic hormone nocturnal increase, and dis- 
turbances in arousal mechanisms. All could be 
related to a developmental delay of the central 
nervous system control of micturition, partly 
genetic and partly due to environmental factors 
(Koff 1995). 

Most cases of daytime and nighttime wetting 
are functional forms of urinary incontinence 
resulting from non-neurogenic bladder-sphincter 
dysfunction, clinically manifested by frequency, 
urgency, and urge incontinence. UTIs, covered 
bacteriuria, VUR, constipation, encopresis, and 
structural abnormalities of the urinary tract are 
often associated, and vaginal voiding should be 
differentiated as another cause of daytime wet- 
ting in girls (Bernasconi et al. 2009). 

It is accepted that evaluation of the child with 
wetting with a history of infection is indicated 
because some 30-50 % of children who present 
with UTI will have VUR demonstrated on void- 
ing cystourethrography (VCUG). However, no 
clear guidelines have been established for the 
evaluation of wetting children with sterile urine 
demonstrated at the time of admission or with- 
out a history of UTI. In a study on children with 
enuresis, Sujka et al. (1991) demonstrated that 
no one symptom or combination of symptoms 
segregated these patients likely to have VUR: 
16% of their 83 patients with sterile urine and 
no history of infection had VUR; out of those, 
16 showed reflux nephropathy as well. They 
concluded that one of six children who present 
with enuresis and sterile urine will have 
VUR. And therefore screening these children 
with VCUG should be considered. This corre- 
sponds to our results and roughly to our policy 
of performing a comprehensive urinary tract 
ultrasound (US) (including a post-void assess- 
ment) in children of more than 6 years of age 
with persistent severe enuresis nocturna despite 
treatment and performing VCUG with a history 
of UTI. Assessment of stool retention by US 
measurement of the rectal diameter should be 
included (Klijn et al. 2004). The authors found a 
mean diameter of the rectum of 4.9 cm (95 % CI 
4.4-5.3) in constipated children; in the control 
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group, they found a mean diameter of the rec- 
tum of 2.1 cm (95 % CI 1.8-2.4). Therefore, the 
transverse diameter of the rectum measured by 
pelvic US provides an additional accurate 
parameter with which to diagnose constipation 
in patients with non-neurogenic bladder-sphinc- 
ter dysfunction. 

Any attempt to make the important distinction 
between monosymptomatic nocturnal enuresis 
and incontinence based on the patient’s history 
and clinical symptoms alone may fail, and occult 
underlying functional disorders of the lower uri- 
nary tract may be overlooked. This may contrib- 
ute to the different rates of success for a 
heterogeneous spectrum of therapeutic measures 
in different studies and may contribute to differ- 
ent statements regarding prognosis and associ- 
ated disorders of enuresis. 

Incontinence and clinical symptoms of non- 
neurogenic bladder-sphincter dysfunction can be 
found in children after sexual abuse. Ellsworth 
et al. (1995) found a 6% rate of sexual abuse in 
300 children with non-neurogenic bladder- 
sphincter dysfunction. Abidari and Shortliffe 
(2002) mentioned that sexual abuse of children is 
not limited to penetration but may include fon- 
dling, exhibitionism, or pornography. Davila 
et al. (2003) report that sexual abuse survivors 
have a significantly higher incidence of genito- 
urinary dysfunction symptoms, including urge 
incontinence and voluntary urinary retention. 

Giggle incontinence is another type of incon- 
tinence in girls. Those girls wet with a coordi- 
nated full or partial void during laughter. 
According to a study by Chandra et al. (2002), 
giggle incontinence results from unstable detru- 
sor contractions induced by laughter, and it 
improves with effective treatment of unstable 
bladder by methylphenidate or biofeedback 
(Berry et al. 2009; Richardson and Palmer 2009). 
In this study diurnal voiding symptoms were 
noted in 95% of patients with giggle inconti- 
nence, while giggle incontinence was noted in 
23% of those presenting with predominantly 
diurnal voiding symptoms. 

It was reported that incontinence and clinical 
symptoms of non-neurogenic bladder-sphincter 
dysfunction occur in some genetic syndromes. In 


William’ s syndrome deletions on the long arm of 
chromosome 7 are associated with mild cognitive 
deficits, a highly social personality, and vascular 
and visceral defects (Abidari and Shortliffe 
2002). A 32 % prevalence of genitourinary symp- 
toms, predominantly daytime wetting and 
increased frequency, was reported in a series of 
41 patients (Schulman et al. 1996). 

Ochoa syndrome has an autosomal dominant 
pattern of inheritance. Children who have this 
syndrome exhibit all the clinical features of 
Hinman syndrome, and in addition they have an 
unusual inversion of facial expression when smil- 
ing is attempted. The face becomes contorted 
into a grimace that makes it appear that the child 
is crying. Therefore, this syndrome is also known 
as the urofacial syndrome. Treatment is the same 
as for the Hinman syndrome. Despite the concern 
of children and parents regarding urinary inconti- 
nence, there is little research into the psychologi- 
cal problems associated with daytime wetting. In 
a study by Joinson et al. (2006), it was reported 
that there is increased vulnerability to psycho- 
logical problems in children as young as 7 years 
of age with daytime wetting. There should be 
awareness of the increased risk of disorders such 
as attention-deficit/hyperactivity disorder in chil- 
dren with daytime wetting because this is likely 
to interfere with treatment. 


Take Away 

Distinction should be made between mono- 
symptomatic enuresis nocturna and incon- 
tinence. Patients with persistent and severe 
monosymptomatic enuresis nocturna 
despite treatment should undergo urinary 
tract US and VCUG as well, if there are 
positive US findings and/or a history of 
UTI. In wetting children (daytime with or 
without nighttime urinary incontinence) 
with UTI with or without urge, urinary 
tract US and a VCUG have to be per- 
formed; here, the assessment of signs for 
potential stool retention has to be part of 
the imaging studies. 
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10 Non-neurogenic Bladder- 
Sphincter Dysfunction 


in Neonates and Infants 


In a study by Yeung et al. (1995), a considerably 
greater rise in detrusor pressure with micturition 
was found, especially in male neonates and 
infants than in older children. Sillen et al. (1992) 
described pronounced detrusor hypercontractility 
in male infants with gross bilateral VUR, and ina 
follow-up study, they described a gradual 
decrease in this initial detrusor hypercontractility 
until the age of 38 months (Sillen et al. 1996). 
Bachelard et al. (1998) described low bladder 
capacity, high-frequency bladder instability, high 
voiding pressure, and increased activity of the 
pelvic floor during voiding in male infants with 
UTI. Hiraoka et al. (1999) found that male neo- 
nates had larger residual urine volumes and 
smaller urinary flow rates than female neonates. 
One potential explanation for the increased 
voiding pressure in male newborns and infants 
as described by Yeung et al. (1999), Sillen 
et al. (1992), and Bachelard et al. (1998) could 
be the change in the configuration of the exter- 
nal urinary sphincter after birth, which starts 
as a complete ringlike structure and changes 
its configuration into an omega-shaped or 
horseshoe-like posteriorly open muscle struc- 
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Fig. 1 Bilateral high-grade fetal dilatation of upper uri- 
nary tract in the neonate. (a) Transverse US scan of the 
bladder: bladder wall thickening, trabeculation, dilatation 
of the left pelvic ureter (arrow), filling volume immedi- 
ately before voiding 10 ml. (b, c) VCUG: bladder trabecu- 
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ture by splitting, which occurs during the first 
year of life. This sex-linked developmental 
anatomy seems to coincide in time with the 
observation of high voiding pressure reported 
predominantly in male newborns and infants 
(Kokoua et al. 1993). 

Unstable detrusor contractions combined with 
trabeculated thickened bladder wall, reduced 
capacity, and somewhat dilated posterior urethra in 
male newborns with high-grade dilating (bilateral) 
VUR can be detected on routine VCUG performed 
for prenatally dilated upper urinary tracts. In these 
male newborns and young infants, a highly dysco- 
ordinated voiding pattern was observed (Fotter 
1994; Allen and Bright 1978; Hjalmas 1988; Wen 
and Tong 1998) (Figs. 1 and 2). 

In a study by Godley et al. (2001), it was 
reported that VUR outcome in infants had a 
strong correlation with the initial renal functional 
status at diagnosis with a high incidence of early 
resolution of even high-grade VUR in infants. 
Bilateral abnormal kidneys associated with high- 
grade VUR turned out to be a poor prognostic 
sign for VUR resolution. And Yeung et al. (1997) 
reported that resolution of VUR correlated with 
bladder function. A high VUR resolution rate 
was observed in infants with normal bladder 
function, and children with non-neurogenic 
bladder-sphincter dysfunction seem to have more 


lation, diverticula, bilateral VUR grade 5, wide bladder 
neck anomaly (arrowhead), unstable detrusor contrac- 
tions, transformed into premature micturition, dyscoordi- 
nated voiding, contrast-filled posterior urethra up to 
contracted external sphincter (arrow), residual urine 
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Fig. 2 Male, 2 months old: moderate bilateral fetal 
hydronephrosis, VCUG. Reduced bladder filling volume 
(20 ml), residual urine, early uninhibited detrusor contrac- 
tions transformed into premature micturition. (a) Minor 


breakthrough infections, which may have a role 
in new renal scar formation. 

The coexistence of non-neurogenic bladder- 
sphincter dysfunction with VUR in infants and 
with kidney abnormalities could all arise from a 
single primary maldevelopment during differen- 
tiation of the ureteral bud and bladder trigone 
(Yeung et al. 2006a). Therefore, normal renal and 
bladder functions seem to be highly predictive of 
complete resolution of VUR; on the other hand, 
abnormal renal and bladder function would be 
associated with poor prognosis and persistence of 
VUR. This could be proved in a study by Yeung 
et al. (2006a). 

Special attention must be paid to the critical 
assessment of adequate functional bladder capac- 
ity, since so-called covert instability manifests as 
significantly reduced bladder capacity. This 
means that after a short stable filling phase, the 
first unstable detrusor contraction is immediately 
transformed into a premature and forceful mictu- 
rition contraction (Sillen et al. 1992). In this con- 
text it has to be taken into account that 
development of bladder volume in relation to age 
is not linear. There is a massive increase in blad- 
der capacity after the 12th to 18th month of life 
with a gain in perception and unconscious as well 
as conscious inhibition of detrusor contraction 
(Zerin et al. 1993). 


bladder trabeculation, short phase of normal micturition. 
(b, c) Dyscoordinated voiding, contraction of external 
urethral sphincter, dilated posterior urethra, male spinning 
top urethra 


Jayanthi et al. (1997) reported on seven patients 
(5 males and 2 females), newborn to 2 months old, 
obviously with the severest form of neonatal blad- 
der-sphincter dysfunction and called this pattern 
the non-neurogenic neurogenic bladder of early 
infancy. None of the infants had neurologic pathol- 
ogy or anatomical outflow obstruction. Five of the 
seven patients presented with thick-walled poorly 
compliant bladders and incomplete bladder emp- 
tying. Significant upper tract pathology was found 
in all cases. Although the primary pathophysiolog- 
ical problem — low bladder capacity combined 
with detrusor hypercontractility during the filling 
as well as the voiding phase and abnormal contrac- 
tion or perhaps non-relaxation of the external uri- 
nary sphincter — is similar to the disorders 
encountered in older children, the clinical presen- 
tation is certainly more severe in infants. And 
since dysfunction has started during development 
of the nephrons prenatally, the risks for the upper 
urinary tract are much greater than in other forms 
of non-neurogenic bladder-sphincter dysfunction. 

In 15 out of 25 baby boys with VUR, Avni and 
Schulman (1996) found a spectrum of bladder and 
urethral anomalies; they drew the conclusion that 
these findings may support the theory that a sig- 
nificant number of cases of VUR in baby boys 
results from a transient fetal urethral obstruction. 
But one central question remains in this context, if 
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we consider a transient urethral obstruction 
between the ninth and thirteenth week of gesta- 
tion as the cause of prenatal VUR and upper tract 
dilatation: how does the postnatally detected blad- 
der-sphincter dysfunction fit into this hypothesis, 
how does it start, and why does it persist after 
birth? These questions can only be answered 
speculatively. It is well known that subvesical 
obstruction leads to bladder hypertrophy, reduced 
bladder compliance and capacity, high detrusor 
pressure during bladder filling and voiding, and 
unstable detrusor contractions. Based on this 
well-known pathophysiological mechanism, the 
speculative conclusion could be drawn that after a 
transient early fetal urethral obstruction, func- 
tional disturbances (bladder dysfunctions) could 
be induced and persist obviously at least until 
early infancy (Fotter 1994; Avni and Schulman 
1996) and longer. According to the results of the 
study by Sillen et al. (1996), either a delay in mat- 
uration of the coordination between the detrusor 
and the external sphincter with lacking sphinc- 
teric relaxation or reflexive contraction of the 
external sphincter could explain the high-pressure 
waves without leakage of urine during unstable 
detrusor contractions in these newborn males. 
The hypercontractile detrusor with altered tension 
of the bladder wall and/or longer-lasting elevated 
detrusor pressures during the remainder of preg- 
nancy might be an important contributory factor 
for the development of VUR and megaureters in 
these children (Herndon et al. 1999; Kokoua et al. 
1993). In this context it is interesting that Risdon 
et al. (1993) found that in children with gross 
VUR submitted to unilateral nephrectomy, evi- 
dence of dysplastic renal development was con- 
fined to male patients. This corresponds to other 
studies that indicate a marked male preponder- 
ance among patients with reflux nephropathy 
diagnosed early in life, particularly those detected 
by antenatal ultrasound. Studies by Glick et al. 
(1993) and Beck (1971) have shown that upper 
tract obstruction can cause dysplastic kidneys. 
Therefore, it seems likely that early fetal transient 
urethral obstruction in males followed by bladder- 
sphincter dysfunction with anatomic bladder dis- 
tortion and persistent intrauterine high-pressure 
VUR may result in dysplastic kidneys. 
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Similar dysfunctional states can also be found 
in preschool children. This suggests that there may 
be a subgroup of children in whom non-neurogenic 
bladder-sphincter dysfunction may be congenital 
rather than acquired, as is postulated for the classi- 
cal Hinman syndrome (Hinman 1986). 

Summarizing these studies and observations, 
it can be concluded that non-neurogenic bladder- 
sphincter dysfunction is not limited only to later 
childhood after toilet training; it can be observed 
more often in males with (bilateral) high-grade 
VUR neonatally, as well as in infancy and early 
childhood. VUR resolution depends on renal sta- 
tus and bladder function. Unstable contractions 
of a hypercontractile detrusor with high filling 
and voiding pressure in utero may be an impor- 
tant contributory factor for the development of 
(bilateral) VUR and megaureters in these chil- 
dren. Another explanation could be that VUR, 
congenital kidney damage, and bladder-sphincter 
dysfunction could all arise from a single primary 
maldevelopment during differentiation of the 
ureteral bud and bladder trigon. Male preponder- 
ance of bilateral high-grade VUR and of reflux 
nephropathy in early life and the high percentage 
of dysplastic elements in damaged kidneys in 
males may be explained by a causal relationship 
to a sex-linked in utero bladder dysfunction that 
persists after birth. Potential causes could be a 
transient fetal urethral obstruction (Avni and 
Schulman 1996) and/or the specific anatomical 
configuration of the striated external sphincter 
and its change with postnatal life in male infants 
(Kokoua et al. 1993). 


Take Away 

Non-neurogenic bladder-sphincter dys- 
function can be found more often in male 
neonates and infants with (bilateral) high- 
grade VUR and megaureters. Abnormal 
renal and bladder function is associated 
with poor prognosis and persistence of 
VUR. Reduced bladder capacity, trabecula- 
tion, dilated posterior urethra, and a highly 
disturbed voiding pattern are characteristic 
VCUG signs. 
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11 Modified Voiding 
Cystourethrography (VCUG) 


A slightly modified VCUG technique allows the 
diagnosis of (uninhibited) unstable detrusor con- 
tractions and therefore the diagnosis of unstable 
bladder with accuracy similar to that of urody- 
namic techniques (sensitivity 93%, specificity 
90.7 %) (Fotter et al. 1986). 

For this technique the bladder has to be cath- 
eterized with a 6—10-French feeding tube, and the 
diluted contrast agent is dripped into the bladder 
from a constant height of 30 cm above the level 
of the bladder, at a rate of 5% of expected age- 
matched volume per minute (Fotter 1996). The 
radiologist has to maintain visual contact with 
the child and with the infusion bottle at all times. 
Bladder filling has to be carried out under brief 
intermittent fluoroscopic observation with the 
patient in a supine position. Additional fluoro- 
scopic observations have to be carried out during 
slowing or spontaneous cessation of the infusion 
flow. Normally the bladder will fill to the expected 
age-matched capacity without significant slow- 
ing or cessation of the drip infusion flow. The 
drip infusion acts as a manometer of sorts. 

If a first desire to void is announced, the point 
of bladder filling should be noted (normally 
greater than 20 % of expected capacity). The drip 
infusion is stopped and the catheter removed if a 
strong urge to void is announced or when 
expected age-matched capacity is reached. 
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Fig. 3 Different appearances of bladder neck opening 
(arrow) with unstable detrusor contractions on VCUG. (a) 
Male, 4 years old: urge incontinence, bladder trabecula- 
tion and sacculation, leakage around the catheter, high- 
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The combination of a transient opening of the 
bladder neck with a flow of contrast agent into 
the posterior urethra up to the voluntarily con- 
tracted striated urethral sphincter together with 
cessation and/or backup of contrast agent drip 
flow suggests the presence of an uninhibited 
detrusor contraction (Fotter et al. 1986; Passerini- 
Glazel et al. 1992) (Fig. 3). These findings are 
valid; they can stand alone without urodynamic 
results. Modified VCUG allows detection of the 
majority of these dysfunctions in neonates, 
infants, and small children with the same reliabil- 
ity and in the same way as in older age groups. 

Assessing dyscoordination between bladder 
and external sphincter during voiding without 
interrupted flow by VCUG is a weak point of this 
technique. However, it is well known that electro- 
myographic assessment of pelvic floor muscles 
assessment also is not reliable, with many artifacts 
noted (e.g., leg movements) (Hoebecke et al. 1999). 

Two specific cystographic signs have been 
found to be closely associated with unstable 
bladder (Saxton et al. 1988; Hausegger et al. 
1991; Saxton and Robinson 1992; Naseer and 
Steinhardt 1997). The first is the so-called spin- 
ning top urethra (STU) (Combs et al. 1998; Van 
Gool et al. 1992a) (Fig. 4). In a retrospective 
VCUG study on 102 girls, Hausegger et al. 
(1991) found 28 to have STU, 16 of whom had an 
unstable bladder as well (57 %). There was a sta- 
tistically positive correlation between STU and 
unstable bladder; similar results were published 


grade unstable bladder. (b) Female, 6 years old: daytime 
and nighttime wetting, minor bladder trabeculation, 
unstable bladder. (c) Female, 7.5 years old: daytime 
incontinence, bladder trabeculation, unstable bladder 
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Fig.4 Female, 6 years old: daytime wetting, VCU. High- 
grade spinning top urethra, marked widening of the mus- 
cular segment of the urethra during voiding 


by Saxton et al. (1988). These studies confirmed 
the close association between unstable bladder 
and STU. Spinning top urethra was described in 
boys as well; this dilatation of the posterior ure- 
thra was found in male infants with high-grade 
VUR (Avni and Schulman 1996; Sillen et al. 
1992; Fotter 1994) (Figs. 1 and 2) and boys with 
unstable bladder (Saxton and Robinson 1992). 

Second, the so-called wide bladder neck 
anomaly (WBNA) (Saxton et al. 1988; Hoebecke 
et al. 1999) is a permanent passive bladder neck 
opening in the filling phase of the VCU indepen- 
dent of uninhibited detrusor contractions (Fig. 5). 
Wide bladder neck anomaly might be an acquired 
phenomenon and unstable bladder an important 
etiologic factor contributing to WBNA. This is in 
contrast to the opinion of Saxton et al. (1988), 
who see in WBNA a congenital disorder. Both 
cystographic signs should alert the observer’s 
attention to possible non-neurogenic bladder- 
sphincter dysfunctions, even in the absence of 
unstable detrusor contractions. 

Careful attention must always be given to pre- 
cise assessment of the urethral morphology in 
order to detect narrowing of the bulbar urethra 
(Cobb’s collar) (Dewan et al. 1995; Nonomura 
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Fig. 5 Female, 6 years old: daytime and nighttime wet- 
ting, VCU. Wide bladder neck anomaly (arrow), uretero- 
vesical reflux grade | (open arrow) 


et al. 1999) and congenital obstructing posterior 
urethral membranes (COPUM) (Dewan 1993; 
Dewan et al. 1997). 

Altogether, assessment of lower urinary tract 
by VCUG should include bladder and urethra 
morphology, detection and grading of VUR, 
bladder function during filling (unstable blad- 
der?), age-matched bladder-filling capacity 
(Zerin et al. 1993), residual urine, urinary flow 
(if smooth or interrupted), and sphincter behav- 
ior during voiding (voiding dysfunction?). In 
addition, an assessment of the fullness with stool 
of the entire colon and rectum (fecal retention?) 
and an evaluation for spinal defects must always 
be done. 


Take Away 

A slightly modified VCUG technique allows 
the diagnosis of unstable detrusor contrac- 
tions with similar accuracy to urodynamic 
techniques. Spinning top urethra and wide 
bladder neck anomaly, even in the absence 
of unstable bladder, should alert the atten- 
tion to occult or healed dysfunction. 
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12 Evaluation 
The evaluation process begins with a good history. 
A standardized questionnaire using a scoring sys- 
tem for the quantitative evaluation of incontinence 
symptoms in children should be used to improve 
pretest probability, in particular, if we consider 
that routine urodynamics in children with non- 
neurogenic bladder-sphincter dysfunction in many 
cases do not change therapy or influence outcome 
(Akbal et al. 2005; Bartkowski and Doubrava 
2004; Sureshkumar et al. 2006; Parekh et al. 
2001). Equally important is the physical examina- 
tion, which includes a careful inspection of the 
lower spine to look for a cutaneous manifestation 
of an occult spinal dysraphism and/or sacral agen- 
esis and an examination of the external genitalia. 

The radiological assessment of children with 
non-neurogenic bladder-sphincter dysfunction 
includes a comprehensive urinary tract US and a 
modified VCUG in children with persistent and 
severe dysfunction — in particular if associated 
with UTI and breakthrough infections (Parekh 
et al. 2001). In girls, radionuclide cystography or 
echo-enhanced sonography may replace VCUG — 
when only VUR is searched for — and other 
means of functional assessment such as uroflow- 
metry are performed. 

For the evaluation of children with symp- 
toms of non-neurogenic bladder-sphincter 
dysfunction by US, a careful examination of 


the urinary bladder has to be performed in par- 
ticular. Not only structural abnormalities have 
to be searched for; bladder wall thickness, 
bladder volume, and residual urine volume 
after voiding have to be assessed (Käfer et al. 
1997). Similar as described before for the 
modified VCUG technique, the bladder base 
and bladder neck, respectively, have to be 
observed carefully as well. A transient open- 
ing of the bladder neck together with uninhib- 
ited detrusor contractions with filling of the 
posterior urethra up to the contracted external 
sphincter can be seen sometimes with continu- 
ous observation of the bladder base by US as 
well (Fig. 6). 

To overcome the weaknesses of urodynamics 
in children and the invasiveness and the radia- 
tion burden of VCUG, several articles have been 
published recently describing various measure- 
ments and calculations in an attempt to detect 
non-neurogenic bladder-sphincter dysfunction 
by bladder US: According to Leung et al. (2007), 
nomograms of total renal volume, urinary 
bladder volume index, and bladder volume wall 
thickness index are described as useful indicators 
of bladder dysfunction in children with enuresis 
and UTI (Yeung et al. 2007). In 1997, Kaefer 
et al. published that the bladder thickness index 
(bladder wall thickness was indexed to inner wall 
diameter) is a sensitive US predictor of infravesi- 
cal obstruction; application of this index could be 


Fig. 6 (a, b) School age girl: urge incontinence, UTI, 
unstable bladder, bladder US. (a) Full bladder, minor 


bladder trabeculation, bladder neck closed. (b) 
Uninhibited detrusor contractions with bladder neck 


opening and filling the posterior urethra up to contracted 
external sphincter with urine (arrow) 
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a noninvasive screening tool for the patient with 
persistent non-neurogenic bladder-sphincter dys- 
function. Ukimura et al. (1998) described in 1998 
that US-estimated bladder weight might be used 
to evaluate bladder compliance in children and 
concluded that this might be a suitable noninva- 
sive urodynamic test in children with suspected 
urodynamic abnormalities. 

Another interesting feature of bladder US 
seems to be the assessment of the ureteric jet 
Doppler patterns (Leung et al. 2002a, b, 2006). 
The authors conclude that the persistence of an 
immature pattern was highly associated with UTI 
and VUR. Furthermore, the authors found that 
there was significant increase in the incidence of 
immature patterns in enuretic children when 
compared with controls. Enuretic children with 
bilateral immature ureteric jet wave forms and 
markedly thickened bladder wall showed multi- 
ple significant urodynamic abnormalities, which 
could be accounted for by immaturity of both 
uretero-vesical junction and detrusor muscle. 

Pediatric radiologists performing US stud- 
ies in children with clinical symptoms of 
non-neurogenic bladder-sphincter dysfunction 
and in enuretic children should not only evaluate 
for structural abnormalities but should search for 
signs of unstable bladder (open bladder neck?) 
and should measure residual volume after void- 
ing and bladder wall thickness according to pub- 
lished standards (bladder wall thickness varies 
minimally with age, with a mean of 3 mm, when 
the bladder is full and 5 mm when empty) (Leung 
et al. 2007). Calculating urinary bladder volume 
index and bladder volume wall thickness index 
and assessing the ureteric jet Doppler patterns 
seem to be useful adjuncts. 

Important aspects in the evaluation process 
are the indications for VCUG: Children with 
persistent and severe symptoms of non-neuro- 
genic bladder-sphincter dysfunction including 
urgency, urge incontinence, and infrequent void- 
ing (lazy bladder syndrome) and positive find- 
ings in the urinary tract US study, in particular 
with (recurrent) UTI, should undergo VCUG 
(Greenfield et al. 1997; Opsomer et al. 1998; 
Fotter 1994). A pelvic floor electromyography 
and uroflowmetry should be an obligatory part of 
the evaluation in those children. The role of uro- 
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dynamics regarding sensitivity and specificity 
and impact on therapeutic efficacy and outcome 
is under debate. 

Neonates and young infants with prenatally 
detected upper urinary tract dilatation or other 
uropathology who undergo urinary tract US and 
VCUG must be carefully evaluated for signs of 
non-neurogenic bladder-sphincter dysfunction 
as well. Special attention to non-neurogenic 
bladder-sphincter dysfunction must also be 
given for infants and children with UTI who are 
referred for VCUG because 30% of children 
with voiding dysfunction do not have urgency 
and/or incontinence. 

Detection of non-neurogenic bladder- 
sphincter dysfunction is an important contribu- 
tion for adequate management of these children. 
The radiologist must be aware of the important 
responsibility she/he has for these patients and 
must take charge in detecting non-neurogenic 
bladder-sphincter dysfunction, which otherwise 
could be overlooked. Since dysfunctional void- 
ing and unstable bladder are often associated or 
coincide with the detection of unstable detrusor 
contractions on VCUG, they can be a first and 
indirect sign indicating the need for further 
detailed examination (even videourodynamics 
which allows the most detailed assessment of the 
underlying, often complex, pattern of dysfunc- 
tion) for planning tailored and individualized 
treatment. 

The close relationship between dysfunctional 
voiding and unstable bladder and urge with or 
without incontinence, recurrent UTI, break- 
through infections, VUR, and constipation makes 
urinary tract US and VCUG (and possibly vid- 
eourodynamics) an important part of the evalua- 
tion algorithm in these children. Successful 
treatment of these dysfunctions has a positive 
effect on the resolution rate and resolution time 
of VUR, of UTI, of (urge) incontinence, and on 
costs (Benoit et al. 2002) and prevents kidney 
damage. 

Videourodynamics remains the gold standard 
if a combination of a detailed functional assess- 
ment combined with a morphologic assessment 
of the urinary tract is desired (Glazier et al. 
1997). But videourodynamic studies are sel- 
dom needed in children with non-neurogenic 
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bladder-sphincter dysfunction. These studies 
are reserved for a selected group of patients 
with severe and/or persistent symptoms despite 
treatment. Videourodynamics is not available 
in many institutions where children have to be 
assessed uroradiologically, and it is an expen- 
sive and time-consuming method. Therefore, the 
radiologist has to know a great deal about pedi- 
atric urology and urinary tract pathophysiology 
to exhaust all the possibilities that an adequate 
VCUG technique provides. Severe and persistent 
urgency and urge incontinence together with UTI 
suggest severe urinary tract pathology. In these 
patients imaging with US and a VCUG should be 
performed (Himsl and Hurwitz 1991). However, 
we have to keep in mind that VCUG and videou- 
rodynamics are invasive methods and should not 
be used as screening tests in children. 

We do not perform VCUG for monosymp- 
tomatic, primary nocturnal enuresis or initially 
in children with daytime and nighttime wetting 
in the absence of severe urge, urge incontinence, 
or UTI. 

Altogether, it should be underlined that a 
slightly modified VCUG technique allows the 
diagnosis of unstable bladder (overactive bladder) 
to be made in centers without urodynamic facili- 
ties with similar accuracy. Therefore, modified 
VCUG is recommended in all children for the 
evaluation of symptoms of persistent and severe 
non-neurogenic bladder-sphincter dysfunction, in 
particular with (febrile) UTI and breakthrough 
infections, and in all neonates and infants for the 
evaluation of upper urinary tract dilatation and 
extended US signs indicative of VUR. 


Take Away 

Evaluation of non-neurogenic bladder- 
sphincter dysfunction begins with a careful 
history and a physical examination fol- 
lowed by urine analysis. The radiological 
investigation starts with a comprehensive 
urinary tract US. A VCUG is performed in 
persistent and severe cases of non- 
neurogenic bladder-sphincter dysfunction 
and in children with associated UTI or 
breakthrough infections. 


There is still low general awareness of the 
problem of non-neurogenic bladder-sphincter 
dysfunction, especially among radiologists. 
There are still many children with non-neurogenic 
bladder-sphincter dysfunction, whose real prob- 
lem has not been understood and who therefore 
receive delayed treatment or no treatment at all. 

In primary monosymptomatic enuresis noc- 
turna and in children with minor wetting before 
treatment, without irritative voiding symptoms 
and without UTI, VCUG should not be performed. 


Conclusion 

The common pathophysiological denominator 
of all subtypes of non-neurogenic bladder- 
sphincter dysfunction (“voiding dysfunction”) 
is functional urinary obstruction caused by 
detrusor-sphincter dyscoordination during 
bladder filling and/or micturition, leading to 
high intravesical pressure. Clinical manifesta- 
tion in terms of irritative voiding symptoms 
and/or incontinence and urinary tract pathology 
in terms of anatomical distortion, VUR, and 
dilatation of the upper urinary tract are the con- 
sequences. Constipation, encopresis, UTI, and 
breakthrough infections are part of a syndrome. 
To find a single common etiological denomina- 
tor seems to be unrealistic; a complex polyetio- 
logic concept has to be considered, and etiology 
may differ by age and gender. 

Pediatricians, pediatric urologists, and 
pediatric radiologists must learn to differenti- 
ate between symptoms such as enuresis noc- 
turna and (urge) incontinence and signs such 
as unstable bladder or dysfunctional voiding. 
Unstable bladder is often the cause of (urge) 
incontinence in children, but it may be an 
associated sign of the symptom nighttime 
bedwetting (enuresis nocturna). The underly- 
ing etiology for both, the symptom and the 
sign, might be a disturbance of higher central 
nervous centers. The enormous complexity of 
this problem and rather divergent results of 
several treatment studies make treatment deci- 
sions still difficult. Even today, there is a 
major research deficit in this context due to 
the lack of systematic and large studies on the 
impact of various diagnostic tools and signs 
on the diagnostic and therapeutic efficacy, and 
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there is still a lack of large comparable pro- 
spective and randomized treatment studies 
measuring outcome and life quality. The 
(pediatric) radiologist performing VCUG and 
US studies of the urinary tract in neonates, 
infants, and children has to know which func- 
tional and morphological findings are indica- 
tors of non-neurogenic bladder-sphincter 
dysfunction to bring out the crucial clues for 
further patient management. 
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Storage is achieved at almost the same intralu- 
minal pressure (10 bis 15 cm H,O — isobaric 
state). The are several formulas available to cal- 
culate the normal, age-dependent bladder capac- 
ity (see also chapter “Normal Values”): 


e Normal expected bladder capacity (ml)=(age in 
years+2)x30=30x(age in years)+60 (Koff 
1983) 

e Normal expected bladder capacity (ml= 16 x age 
in years)+70 (Houle et al. 1993) 


In the first 6 months of life, the bladder vol- 
ume does not show a linear increase due to the 
increased fluid load caused by breastfeeding. 
There are already published normograms of nor- 
mal bladder capacity (Zerin et al. 1993). In chil- 
dren with myelodysplasia, the bladder capacity 
will be usually reduced by 20-25 % and can be 
calculated by the following formula: 


e Bladder capacity in  myelodysplasia 
(ml) =(24.5 xage in years)+62 (Palmer et al. 
1997) 


Continence is maintained by the resistance of 
the bladder neck as well as by the voluntary con- 
trolled, striated external sphincter. 

Voiding is achieved by detrusor muscles con- 
traction and simultaneous opening of the bladder 
neck as well as relaxation of the external, striated 
sphincter. It has to be considered that voiding in 
unfamiliar surrounding a partially filled bladder 
or overfilled bladder may promote residual vol- 
ume. Residual void of more than 20 ml or more 
than 10 % of the total bladder capacity, on repeated 
occasions, may be regarded as abnormal. 


2 Etiology of Neurogenic 
Bladders 


Myelodysplasia, cerebral palsy, teratoma, and 
imperforate anus with sacral dysplasia (e.g., 
Currarino triad) represent frequent causes of neu- 
rogenic bladder in childhood (Goepel et al. 1999; 
Ozkan et al. 2006). In particular the outcome of 
patients with myelodysplasia does not anymore 
depend on the underlying neurological pathology 
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but from the urological course. In children with 
myelodysplasia, pyelonephritis and renal failure 
are the most common causes for morbidity and 
mortality within the first 3 years. It is not worthy 
to mention that 50 % of these patients will end up 
with urinary tract deterioration within the first 
years without any intervention (Bauer and Joseph 
1990). The pressure volume characteristics of the 
neurogenic bladder determine the fate of the 
upper urinary tract. Intermittent or continuous 
elevated bladder pressure is related to urinary 
tract infections, upper urinary tract deterioration, 
and renal failure. Predicted factors for upper uri- 
nary tract deterioration are sphincter detrusor dys- 
synergia, high bladder-filling pressure (more than 
40 cm H,O - see chapter “Video-Urodynamics”), 
and poor bladder compliance (Bauer and Joseph 
1990; Galloway et al. 1991; Ghoniem et al. 1989, 
1990; Kurzrock and Polse 1998; McGuire et al. 
1981). Furthermore, high leak point pressure and 
vesicoureteral reflux (VUR) (Seki et al. 2004) as 
well as detrusor fibrosis are related to poor prog- 
nosis (Ozkan et al. 2005). 

Therefore the therapeutic goal is to preserve 
the renal function and to avoid urinary tract 
infection as well as achievement of social conti- 
nence. Several strategies like clean, intermittent 
catheterization, appropriate medication (e.g., 
anticholinergic drugs, antibiotics), as well as 
urological procedures (e.g., continence opera- 
tions, bladder augmentations) facilitate the 
achievement of the abovementioned goals 
(Bauer and Joseph 1990; Kasabian et al. 1992; 
Rickwood et al. 1982; Stein et al. 2005; Hayashi 
et al. 2006; Morrisroe et al. 2005). 


3 Classification of Neurogenic 
Bladder 


Classification can be made on anatomical (in rela- 
tion to the anatomic level of the underlying neuro- 
logical disorders) or on functional aspects. A 
functional classification of the bladder property can 
be derived from features like compliance (hyper-/ 
normo-/hypotonic), urine storage, and voiding: 


(a) Inability to void (normal bladder capacity, 
high residual volume), 
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Table 1 Classification of detrusor activity 
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Passive 
Detrusor bladder neck 
Type contractions SWI | opening 


Acontractile — +++ |+ 
Contractile ++ = — 
Mixed + + $ 


“Sphincter Weakness Incontinence 


(b) Inability to store (low bladder capacity, no 
residual volume) 

(c) Balanced function (bladder capacity accept- 
able, residual volume tolerable) 

(d) Combined dysfunction (inadequate bladder 
capacity, unacceptable high residual volume) 


Furthermore the reflexive activity of the detru- 
sor can be classified in three types (Rickwood 
et al. 1982): 


(a) Contractile detrusor (detrusor hyperreflexia) 

(b) Acontractile detrusor (detrusor areflexia) 

(c) Mixed type — especially when an underly- 
ing neurologic pathology affects different 
portions of the micturition control centers 
and pathways -— most frequently in 
myelodysplasia. 


On voiding cystourethrography (VCUG), a 
contractile detrusors present always with closed 
bladder neck and unstable detrusor contractions. 
As opposed, acontractile detrusors show a pas- 
sive open neck during the VCUG filling phase 
and are lacking detrusor contractions. Mixed 
types share features of other types to a varying 
extent; thus sometimes further subtypes like 
mixed acontractile or mixed contractile are 
differentiated. 

Putting all these features together, classifica- 
tion of the detrusor activity can be achieved as 
demonstrated in Table 1. 


4 Diagnostic Imaging 
in Neurogenic Bladder 


Imaging of neurogenic bladder must depict all 
details necessary for clinical management. 
Video urodynamics represents the imaging 


Fig.1 (a) VUD, 14-year-old girl, operated for a menin- 
gomyelocele and underwent later spine surgery. VUD 
pressure tracings with the following arrows: 
green > intravesical pressure, red— intra-abdominal 
pressure, pink > detrusor pressure (intravesical — intra- 
abdominal pressure), blue—pelvic floor EMG, 
black > instilled volume. Secondary capture screenshots 
from fluoroscopy are superimposed — detailed views in 
(b, c). There is no significant change of detrusor pressure 
during the examination — indicating an acontractile 
detrusor type. The minimal steady increase of detrusor 
pressure indicates that the bladder tone increases with 
filling, which does not occur in normal bladders. (b, €) 
Secondary screen capture shots from VUD. Rectal (*) 
and urethral catheters (#) in place as well as perineal 
electrodes (+). (b) VUD filling phase, an open bladder 
neck can be seen (white arrow), (c) end of filling, blad- 
der catheter was removed; there is leakage of urine due 
to straining (white arrow). Final combined findings 
(VUD and fluoroscopy report): normtonic, acontractile 
detrusor, inability to void 


modality of choice and allows the determination 
of parameters as listed in chapter “Video- 
Urodynamics”. A recent overview can be found 
at Drzewiecki and Bauer (Drzewiecki and Bauer 
2011). Figures 1 and 2 demonstrate examples of 
VUD findings in acontractile and contractile 
detrusor types. 


— i 
i tiret 


Fig. 2 (a) VUD, 5-year-old boy, operated for a menin- 
gomyelocele. VUD pressure tracings marked with 
arrows — colors the same as in Fig. la. Secondary cap- 
ture screenshots from fluoroscopy are superimposed — 
detailed view in (b, c). In the later part of the 
examination, several detrusor contractions are depicted 
and marked by*. (b, c) Secondary screen capture shots 
from VUD (a). Rectal and urethral catheters are super- 
imposed due to straight a-p view. (b) VUD filling phase 
bladder neck closed, (c) Detrusor contraction on VUD 
tracings > bladder neck opened. Final combined find- 
ings (VUD and fluoroscopy report): normtonic, contrac- 
tile detrusor, inability to void 


However, VUD demands dedicated equip- 
ment, which is, unfortunately, not ubiquitously 
available. Therefore the question remains: which 
of the necessary parameters can be obtained by 
performing VCUG in a modified fashion? In chil- 
dren with myelodysplasia, it is not enough to fill 
the bladder and describe only morphology. A 
modified VCUG technique (mVCUG) in combi- 
nation with an expertise in pathophysiology of 
neurogenic bladders provides nearly all this 
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information needed for functional assessment 
(Fotter et al. 1986; Fotter 1996). 

In mVCUG there is just a minor change in the 
setting of standard VCUG: the bottle with con- 
trast medium is just put 30 cm above the patient. 
The placement of the contrast bottle 30 cm above 
the patient is done since the critical intervesical 
pressure is 40 cm H,O. Values above this limit 
lead to upper urinary tract dilatation, especially if 
there are intermittent pressure values of more 
than 90-100 cm H,O — consequences are bladder 
wall thickening, trabeculation, subsequent diver- 
ticular formation, and VUR. 

The drip infusion dropping speed serves as a 
manometer. This means that if the dropping 
speed is normal, the intravesical pressure will be 
below 30 cm of water — so well below the critical 
intravesical pressure value of 40 cm H,O. Stopped 
dropping of the drip infusion indicates that there 
is a rise in the intravesical pressure to more than 
30 cm. At this moment a short intermittent fluo- 
roscopy with a last image hold shot is taken to 
demonstrate if the bladder neck is open or 
closed — an opened bladder neck indicates detru- 
sor contraction (Fig. 3) (Fotter et al. 1986; Fotter 
1996). In case of straining of the patient or move- 
ment, the intervesical pressure will rise, but due 
to the lacking detrusor contraction, the bladder 
neck will be kept closed. Therefore, mVCUG 
allows semiquantitative assessment of the intra- 
vesical pressure changes. 

The filling phase of mVCUG ends if there is 
an urge to void, if there is abdominal discomfort 
claimed by the patient, if the expected age- 
related bladder capacity is reached, or if the drip 
infusion has completely stopped due to con- 
stantly increasing intravesical pressure or as a 
consequence of uninhibited detrusor contrac- 
tions. The catheter removal is done under fluoro- 
scopic control with the child in lateral position. 
Furthermore it is documented how the child tries 
to empty the bladder. Spontaneous micturations 
can be achieved by triggering the infraumbilical 
belly in order to provoke detrusor contractions or 
by raising intra-abdominal pressure (e.g., 
straining). 
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Fig. 3 Patient with neurogenic bladder at mVCUG (a) 
depicts the resting state, where the contrast medium is 
dropping at constant speed and the bladder neck is closed 
(arrow). (b) Drip infusion stops with simultaneous blad- 


V= 130 ml 


Pyes > 30 cm Poor compliance 


can be estimated 
Cessation if 
of flow rapid slowing 
to cessation 
of flow 
with gains of small 


x occurs 


Fig. 4 Estimation of poor bladder compliance by modi- 
fied VCUG (V bDladder-filling volume, Pyzs vesical 
pressure) 


4.1 Radiological, Functional 
Assessment and Classification 
of Neurogenic Bladder Based 


on mVCUG 


In correspondence to VUD, the following param- 
eters can be defined by mVCUG. 
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der neck opening (arrow) — both findings indicate inhib- 
ited detrusor contractions. A few seconds later, dropping 
will start and the bladder neck will close again 


4.1.1 Bladder Compliance 

As already mentioned the speed of the drip infu- 
sion represents the manometer — thus a 
noncompliant bladder can be assumed if there is a 
constant decrease of drip infusion speed until sen- 
sation at inadequate low filling volumes (Fig. 4). 


4.1.2 Unstable Detrusor Contraction 

In mVCUG these are defined by a stop of the 
drip infusion with simultaneous opening of the 
bladder neck. The frequency and time period of 
those unstable detrusor contractions is noted. 


4.1.3 Safe Storage Volume 

The amount of instilled contrast medium before- 
gradual slowing down of drip infusion speed or 
detrusor contractions occurs represents “safe stor- 
age volume”. The intravesical pressure doesn’t 
reach 30 cm of H,O, and therefore the speed of 
the drip infusion doesn’t slow down until leakage 
occurs or age-related bladder capacity is reached 
(Fig. 5). 


Normal flow 
of contrast 


l 


Means filling volumes with pressure values < 30cm H,O. 
cessation of flow means volume with critical pressure 
values (>30cm H,0)- termination of safe storage period 


Fig. 5 Estimation of the safe storage period (the bladder 
volume at which vesical pressure remains well below 
40 cm H,O, the safe storage pressure) by modified VCUG 
(Pyes vesical pressure, V bladder-filling volume) 


Puc > 30 cm H2O 
e Means high leakpoint 
pressure 


Cessation 
of flow 


No leakage 


Fig. 6 Leak point pressure estimation by modified VCUG 
(Pyrs vesical pressure, Pyc, urethral closure pressure) 


4.1.4 Leak Point Pressure 

In patients with no leakage at continuous slowing 
down or cessation of the drip infusion a high leak 
point pressure can be assumed (more than 30 cm 
absolute — Fig. 6). 


4.1.5 Sphincter Detrusor Dyssynergia 
An intermittent closing external sphincter during 
voiding indicates sphincter detrusor dyssynergia. 


4.1.6 Detrusor Function 
A classification of the detrusor function can be 
done using Table 1. 

By putting the abovementioned features 
together, a classification of bladder function can 
be achieved. 
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Conclusion 

Comprehensive assessment of lower urinary 
tract function and morphology is essential in 
neurogenic bladders. VUD represents the 
modality of choice and allows full workup. In 
institutions with no VUD, mVCUG represents 
a valuable alternative and allows, in addition 
of morphology, semiquantitative estimation of 
relevant factors with only minor setting modi- 
fication. For mVCUG no special hardware is 
necessary. 
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1 Introduction 


Congenital anomalies may involve any level of 
the collecting system; the most usual presenta- 
tion is urinary tract dilatation that may already be 
detected during fetal life. The role of imaging is 
to determine the origin of the dilatation, i.e., 
obstructive versus nonobstructive (Table 1 lists 
the causes of urinary tract dilatation). Other 
useful information includes the level of the 
impairment to drainage (so-called obstruction) 
and its impact on renal function. All these data 
are important in order to determine the best thera- 
peutic approach. 

Two imaging techniques have been classically 
used in order to demonstrate the morphology of the 
collecting system: ultrasound (US) and intravenous 
urography (IVU). The latter has been almost com- 
pletely abandoned and replaced by MR urography 
as well as, in selected conditions, by computed 
tomography (CT). The work-up of most anomalies 
has to be completed by voiding cystourethrography 
(VCUG) and isotopic studies for the evaluation of 
renal function and drainage studies. 


2 Imaging the Pelvis 
and Ureter 


In pediatric uro-nephrology, US has a central posi- 
tion; whatever the anomaly, it will be performed first 
and will determine the subsequent work-up. US is 
very efficient for the demonstration of dilatation of 
the urinary tract and the level of “obstruction”; yet, 
the method can hardly differentiate between obstruc- 
tive and nonobstructive dilatation. Also, the degree 
of dilatation is influenced by the state of hydration of 
the patient; therefore, some teams advocate the use 
of furosemide and measurement of the resistive 
index in order to diagnose obstruction. Another 
interest of US is that the technique also provides 
information on the renal parenchyma (Patriquin 
1991; Peerboccus et al. 2012; Bude et al. 1992; 
Palmer 2006). 

Intravenous urography used to be performed 
frequently for the work-up of uro-nephropathies. 
Its indications have progressively faded, and the 
technique is replaced by CT, scintigraphy, and 
mainly MR imaging. 
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Table 1 Causes of urinary tract dilatation 


Congenital etiologies 
Ureteropelvic junction obstruction 


Ureterovesical junction obstruction 
Nonobstructive and nonrefluxing dilatation 
Vesicoureteric reflux (grades III-V) 
“Nonobstructive nonrefluxing megaureter 
Duplex collecting system 
Posterior urethral valves 
Megacalycosis 
Pelvi-infundibular stenosis — 
Secondary etiologies 
Tumoral involvement 
Extrinsic compression 

l Retroperitoneal fibrosis 
Constipation 

Megabladder 


Lithiasis 


CT has proved informative in many patho- 
logical or doubtful situations involving the 
pyelocalyceal and ureteral system; it may dem- 
onstrate the connections of atypical cystic 
parenchymal lesions with the collecting sys- 
tem, and it may determine the primitive or sec- 
ondary origin of an “obstruction.” CT 
completes the information given by US; if nec- 
essary 2D or 3D reconstructions or urographic 
images post-contrast injection may also be 
obtained. The technique is irradiating, and 
therefore, its use must be well-thought-out and 
cautious (Palmer 2006; Renjen et al. 2012; 
Darge et al. 2013). 

These last years, the use of MR urography has 
been gaining popularity for the visualization of 
the urinary tract, both the parenchyma and col- 
lecting system. Its best indications are the mor- 
phological assessment of a very dilated urinary 
tract, ectopic ureteral insertion, and assessment 
of renal parenchymal damage. The combination 
of hydrographic sequences and gadolinium- 
enhanced sequences provides information on 
both morphology and (indirect) function. In the 
near future, further studies will determine 
whether MR imaging can be considered as an 
“all-in-one” examination and will replace both 
TVU and isotope studies (Wille et al. 2002; Jones 
et al. 2004; Rohrschneider et al. 2003; Nolte- 
Ernstig et al. 1998). 
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Till then, the best evaluation of separate renal 
functions and of the degree of renal drainage 
impairment is obtained by isotope studies with 
furosemide injection (Roarke and Sandler ; 
Piepsz and Ham ; Palmer ; Gordon 
et al. ; Vivier et al. Na, b; 
Riccabona et al. ). Other techniques such 
as retrograde pyelography have almost 
completely been abandoned. 


Take Away 

US is the central imaging technique for 
the visualization of a dilated collect- 
ing system. Morphology of the urinary 
tract is best assessed by MR imaging or 
CT. Function is best assessed by isotope 
studies. 


Fig. 1 Calyceal diverticulum 7-year-old girl. Incidental 
finding. (a) Ultrasound: sagittal scan of the left kidney — a 
cystic mass is visible at the upper pole of the kidney. (b) 
MRI of the kidneys. HASTE T2 sequence; a cystic struc- 
ture is visible close to the collecting system. (c) (early) 
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3 Anomalies of the Pelvis 

and Ureter in Single 

and Bifid Collecting Systems 
3.1 Calyceal Diverticulum 
A calyceal diverticulum is an eventration of a 
calyx into the renal parenchyma that is filled 
with urine. Most of the diverticula are small and 
asymptomatic. Complications include the devel- 
opment of milk of calcium and urolithiasis and 
rarely hematuria; infection is unusual. The rela- 
tion between diverticulum and isolated renal 
cyst is unclear. The diverticulum is usually 
detected by US as an isolated cystic structure. 
However, the connection with the pyelocalyceal 
system may be missed on US; it can be more 
easily demonstrated on MRU or on CT (Fig. 1). 
Treatment is necessary only when complica- 
tions such as hemorrhage or lithiasis occur. 


and (d) (delayed) MRI scan T1 sequence after Gd 
enhancement: The signal of the cystic structure seen in the 
left kidney increases confirming a connection with the 
pyelocalyceal system 


436 


3.2 Hydrocalyx, Fraley’s 
Syndrome, and Infundibular 


Stenosis 


Hydrocalyx refers to a dilatation limited to one or 
more calyces in the absence of renal pelvis dilata- 
tion. The condition may be congenital or 
acquired. Congenital hydrocalyx results from a 
stenosis of the infundibulum draining the calyx 
into the renal pelvis. The narrowing induces a 
(cystiform) dilatation of one of the calyces 
(Fig. 2). When more than one calyx is involved, 
the condition is also referred to as infundibular 
stenosis. MR urography is able to demonstrate 
the anomaly. The most extensive form of the dis- 
ease is infundo-pelvic stenosis, in which a small 
pelvis may also be associated (Figs. 3 and 4). The 
condition may also be acquired secondarily to 
infection (tuberculosis) or urolithiasis (Uhlenhuth 
et al. 1990). 

The dilatation of the calyx may be secondary 
to extrinsic compression by a vessel (the 
so-called Fraley’s syndrome), to scarring fol- 
lowing inflammatory or infectious processes 


F. Avni et al. 


(tuberculosis), and to obstruction by a lithiasis 
or a blood clot. 


Fig. 3 Pelvi-infundibular stenosis - MR urography T2W 
sequence. Right MCDK + left infundibular stenosis and 
megaureter 
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Fig.2 Hydrocalyx. (a) US: cystic mass (between crosses) at the upper pole of the right kidney. (b) IVU: typical appear- 
ance of the right hydrocalyx. (c) MR: T2W coronal view demonstrating the right hydrocalyx 
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3.3 Megacalicosis 


Mega(poly)calicosis is characterized by the pres- 
ence of 12-20 dilated dysplastic calyces in the 
absence of obstruction and is probably related to 
or associated with a developmental hypoplasia of 
the medullary pyramids. The condition may be 
difficult to diagnose on classical US and better 
evaluated on 3D US (see chapter 
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) or on MR urog- 
raphy (Figs. 5 and 6). The small renal pelvis is 
easier to demonstrate, and the dilated numerous 
calyces are easier to count by it. Megacalycosis 
may typically also be associated with a primary 
megaureter (MU) (Vargas and Lebowitz a 
Mandell et al. ). Complications include the 
development of urolithiasis (Figs. 5 and 6). 


Fig. 4 Infundibular stenosis with pelvic urolithiasis: (a) 
Ultrasound: sagittal scan of the right kidney; all the caly- 
ces appear dilated, the renal pelvis is not dilated; a lithia- 
sis is present within the pelvis (arrow). (b) MR urography. 


Coronal T2 (MRCP) sequence. (c) Coronal T2 SSFE 
sequence demonstrating a small renal pelvis in compari- 
son with the dilated calyces 


Fig. 5 Megacalycosis and megaureter. (a) US: sagittal 
scan of the left kidney. Unusual cystic dilatation of all the 
calyces. A lithiasis is visible at the lower pole. (b) US of 


the pelvis showing an associated dilated ureter (1.8 cm 
between crosses). (c) MR urography: typical megacalyco- 
sis of the left kidney 


Fig.6 Megacalycosis. (a) US sagittal scan of the left kid- 
ney. Numerous dilated renal calyces.(b) MR urography: 
Coronal T2W sequence and (c). T1 FS post-Gd enhance- 


3.4 Ureteropelvic Obstruction 

3.4.1 Diagnosis of “Obstruction” 
Dilatation of the urinary tract may occur sec- 
ondary to obstruction and/or vesicoureteric 
reflux (VUR) or as a primary process (like non- 
obstructive megaureter). The main objective of 
all the imaging techniques will be to diagnose 
among all the cases those that might require 
surgical correction in order to preserve or 
improve function. Noteworthy, the definition 
of obstruction lacks consensus, and the 
terminology such as impairment of urinary 
tract drainage should be the preferred wording. 
Still, obstruction is the common denomination 
used. 

The antenatal diagnosis and postnatal follow- 
up of fetal uropathies have brought lots of new 
information on the natural history of obstructive 
or pseudo-obstructive uropathies. Unfortunately, 
no clear-cut conclusions can be drawn from these 
many examples. There are still controversies con- 
cerning the diagnosis of obstruction and the yield 
of early surgery (Prigent et al. 1999; Eskild- 
Jensen et al. 2004; Piepsz et al. 2009; Riccabona 
et al. 2009; Gordon et al. 2011; Piepsz 2011; 
Ismaili 2013). 

The first step toward the detection of obstruc- 
tion is US (Fig. 7a), the main landmark being the 
demonstration of dilatation of the urinary tract. 
Dilatation is best evaluated on an anteroposterior 
measurement of the renal pelvis on a transverse 
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ment showing highly dilated numerous calyces with poor 
enhancement 


scan of the kidney. In the newborn, a pelvic diam- 
eter greater than 7 mm is considered abnormal; 
dilatation of the calyces (and of the ureter) indi- 
cates the need for further work-up. In older chil- 
dren, a diameter higher than 10 mm should be 
considered abnormal. The following step in the 
work-up of a uropathy is VCUG. Once VUR is 
excluded, it becomes more probable that the uri- 
nary tract dilatation is secondary to obstruction. 
It is noteworthy that VUR and obstruction may 
coexist in the same collecting system (Maizels 
et al. 1992; Stocks et al. 1996; Riccabona et al. 
2010). 

Many hopes were placed on US for the diag- 
nosis of obstruction. Various grading systems 
have been described in order to categorize the 
urinary tract dilatation (Maizels et al. 1992). 
However, besides diagnosing urinary tract dilata- 
tion, conventional US alone does not provide 
direct information on renal function or the degree 
of obstruction. Therefore, several authors have 
proposed Doppler analysis of the renal arteries 
with calculation of the resistive index after 
furosemide injection. In case of obstruction, the 
resistive index tends to be greater than 85 % and 
takes longer to return to baseline values after a 
diuretic stress test. The first results are promis- 
ing, but the use of the technique in newborns and 
small infants is more difficult and less reproduc- 
ible (Yagci et al. 1999; Patti et al. 2000). Infants 
and neonates tend to have a physiologically 
higher resistive index. 
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Fig. 7 PUJ obstruction: ultrasound — transverse scans of the left kidney. (a) Standard US: marked dilatation of the renal 
pelvis. (b) Color Doppler ultrasound demonstrating a crossing vessel 


The best method to evaluate and to quantify 
renal function and drainage is the radioisotope 
study with furosemide injection (“diuretic radio- 
nuclide renogram”). Radiation dose delivered 
from the radionuclide renogram is low, about 
0.2-0.4 mSv, depending essentially on the age 
and the level of renal function (Stabin et al. 
1992; Ismaili 2013). Calculation of separate 
clearances requires both the measurements of 
GFR and of differential renal functions (DRF) 
from the isotopic renogram. GFR is determined 
by injection of chromium isotope- 
ethylnediamine-tetraacetic acid (51Cr-EDTA) 
using a simple plasma sample technique (Piepsz 
et al. 2001). 

The renograms are best performed using 
tubular tracers with a high extraction rate such 
as 99mTc-mercaptoacétyltriglycine (99mTc- 
MAG3) or 99mTc ECD (ethyl cysteinate dimer) 
(Piepsz et al. 2009; Gordon et al. 2011; Piepsz 
2011; Ismaili 2013). The same radiopharmaceu- 
tical should be used on follow-up studies (Piepsz 
et al. 2009). The renogram allows to evaluate 
both DRF (input) and renal excretion (output) of 
the tracer. 

The differential renal function (DRF) is calcu- 
lated from the early phase of the renograms. Two 
different methods (area under the curve and 
Rutland-Patlak plot) are available; using both 
allows a quality control (Piepsz et al. 2009; 
Gordon et al. 2011; Piepsz 2011; Ismaili 2013). 
Normal values are between 45 and 55 % (Prigent 


et al. 1999; Eskild-Jensen et al. 2004; Gordon 
et al. 2011). 

The second part of the renogram provides 
information about tracer excretion, the renal 
drainage. As far as dilatation is concerned, drain- 
age stimulation using furosemide is the proce- 
dure of choice. In young patients furosemide is 
often injected simultaneously with the radiophar- 
maceutical (FO), reducing the duration of the 
examination and the number of venous punctures 
(Piepsz 2011). Other schemes are available, the 
diuretic being injected 15 min prior to the 
radiotracer (F-15) or at the end of the dynamic 
phase of the renogram (F+20). As kidney drain- 
age may be artificially delayed in the presence of 
a full bladder at the end of the renogram, post- 
micturition post-erect images are mandatory 
(Piepsz et al. 2009; Gordon et al. 2011; Piepsz 
2011). The erect position allows taking into 
account the effect of gravity (Fig. 8). 

Interpretation of renal drainage is approached 
by visual analysis of the images and curves. Two 
quantitative parameters, output efficiency (OE) 
and normalized residual activity (NORA), are 
currently available, allowing an accurate analysis 
of the drainage. They replace the previously used 
T1/2 which depended on the level of renal func- 
tion and which cannot be calculated on the late 
post-micturition images (Piepsz et al. 2009; 
Piepsz 2011; Gordon et al. 2011; Ismaili 2013). 

OE is the fraction of tracer that has left the 
kidney at a given time and NORA is defined as 
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Time Activity 


Fig. 8 Diuretic renogram (Tc99MAG3) in a case of R 
duplex kidney (upper pole atrophy). (a) Classical calcula- 
tion: impaired right kidney DRF and poor function of the 
upper part of the right kidney. Important bilateral reten- 
tion of the tracer at the end of the first part of the reno- 


the ratio of retained renal activities at two differ- 
ent time points. Both parameters may be calcu- 
lated at the end of the renogram and after 
post-micturition post-erect images. OE and 
NORA do not depend on the individual input 
function and on the overall clearance. The deter- 
mination of OE and NORA is highly intra- and 
interobserver reproducible (Tondeur et al. 2013); 
values of both parameters in normal and dilated 
kidneys have been determined in children (Piepsz 
et al. 2002; Nogaréde et al. 2010). Several authors 
(Piepsz 2009; Piepsz 2011; Ismaili 2013) and the 
guidelines from the European Association of 
Nuclear Medicine recommend the use of both 
OE and NORA in daily practice (Gordon et al. 
2011) (Fig. 9). 

The definition of risk factors for functional 
deterioration in the absence of surgical treatment 
upon the basis of the renogram remains a matter 
of debate (Piepsz et al. 2001; Gordon et al. 2001; 
Piepsz 2009; Ismaili 2013). There is a consensus 
that there is no risk for a further deterioration in 
the presence of good renal drainage (Piepsz 
2009) (Fig. 10). 

Unfortunately poor renal drainage does not 
allow predicting functional deterioration in 
case of conservative treatment. In such cases 
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gram. Complete emptying of the left kidney and 
quasi-complete emptying of the right kidney after micturi- 
tion. (b) Upper and lower poles calculated separately. The 
upper part contributes to 15-20% of right kidney 
function 


surgical treatment is sometimes proposed. In 
the last years the predictive role of a delayed 
“cortical transit time” has been suggested. 
Cortical transit time is the duration the tracer is 
present only in the cortical rim from the begin- 
ning of the renogram. It has been shown that a 
delayed cortical transit time, more than 3 min, 
predicts functional deterioration in the absence 
of surgical treatment and also predicts 
improvement after pyeloplasty (Fig. 11) 
(Schlotmann et al. 2009; Piepsz et al. 2011; 
Duong et al. 2013). However, a normal cortical 
transit does not exclude the risk of DRF 
deterioration. 

The Whitaker test or pressure measurements 
after urinary tract nephrostomy are used with 
some success in selected cases (Peters 1995). It 
necessitates sedation and the placement of a 
nephrostomy tube. It can therefore not be used in 
every case. 

MR urography is increasingly used in patients 
with obstructive uropathy (Figs. 12 and 13a). 
After contrast injection, early angiographic 
phases can be obtained and curves of gadolinium 
uptake can be drawn in a similar way to isotopes 
(Fig. 13b). The results seem promising, although 
there is a need to standardize the conditions of 
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Fig. 9 FO diuretic renogram (Tc”"-MAG3) — left PUJ 
obstruction. (a) Abnormal left DRF (<45 %) and severely 
impaired drainage of left kidney with no emptying after 


Fig. 10 FO diuretic renogram (Tc?"-MAG3). Right PUJ 


obstruction 3-month-old baby girl. At 3 months. 
Increasing size of the right pelvis. Impaired right kidney 
DRF; nearly complete emptying after micturition. 


the examination. Also, correlation between renal 
function and parenchymal enhancement after 
gadolinium injection has still to be demonstrated 
(Regan et al. 96; Nolte-Ernstig et al. 1998; 
Vivier et al. ; Claudon ). 
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micturition. (b) 6 months after surgery. Improvement of 
left kidney drainage but no improvement of left DRF 


Tıme Activity 


18-month-old. Conservative treatment. Improvement of 
renal drainage with the right kidney emptying at the end 
of the first part of the renogram 


3.4.2 Etiology of Pelviureteric 

Junction Obstruction (PUJO) 
PUJO represents the leading cause of dilatation 
of the urinary tract (about 35—40 % of the cases). 
Its origin is not always understood or can be 
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Fig. 11 FO diuretic renogram (Tc™™-MAG3), 1 min 
frames: (a) example of normal cortical transit time. The 
entire renal parenchyma of both kidneys is visualized 


Fig.12 MR urography T2W sequence showing bilateral 
PUJO 


interpreted as multifactorial. PUJO can result 
from anatomic anomalies or abnormal peristalsis. 
At surgery, muscular discontinuity or extrinsic 
compression of the PUJ due to vessels or ureteral 
kinks can be found. US and MR imaging can 
very nicely display the crossing vessel (Figs. 7b 
and 14) (Calder et al. 2007; Frauschner et al. 
1999; Veyrac et al. 2003). 

Nowadays, since the widespread use of obstet- 
rical US, most cases of PUJ obstruction are 
detected in utero or in the direct neonatal period 
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early. (b) Example of delayed cortical transit time. 
Severely delayed left kidney cortical transit: no parenchy- 
mal activity appearing during the 20 min of the renogram 


in asymptomatic patients. Rarely, the condition is 
revealed after the palpation of an abdominal 
mass, hematuria, or urinary tract infection. 
Interestingly, despite antenatal diagnosis, cases 
of PUJ obstruction are still detected later in child- 
hood. In older children, symptoms leading to the 
diagnosis include, among others, hematuria fol- 
lowing an abdominal trauma, nausea, failure to 
thrive, and flank pain (Cendron et al. 1994; 
Coplen et al. 2006). 


3.4.3 Particular Forms of PUJO 


Giant PUJO 

Giant PUJO is usually detected in the newborn 
after an antenatal diagnosis (Fig. 15). A flank 
mass is often palpated, and gastrointestinal dis- 
comfort is present. Pelvic dilatation is huge, 
extending from the diaphragm up to the bladder 
and across the midline. Besides MR imaging, it is 
difficult for imaging procedures to identify the 
type of uropathy. The kidney functions poorly 
and the condition usually necessitates nephrec- 
tomy. The condition may mimic a giant multicys- 
tic dysplastic kidney (MCDK). 


UPJ Obstruction and VUR 
See chapter “Vesicoureteric Reflux” (Bomalski 
et al. 1997). 
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Fig. 13 MR urography bilateral (apparently) moderate PUJO. (a) Delayed view after Gd enhancement. (b) Bilateral 
enchancement curves of delayed excretion 


Fig. 14 UPJ obstruction. (a) T1-weighted sequence+Gd enhancement. Typical left PUJO.(b) MR angiography dis- 
plays the crossing vessel (arrow) (Courtesy of JN Dacher, MD, PhD) 


Fig.15 Giant PUJO. (a) In utero 32 weeks LMP. Sagittal verse scan of the kidney, the renal pelvis (between crosses) 
scan of the left kidney displays a huge dilatation (6 cm measures 5.5 cm. (c) MR urography, T2W coronal image 
between crosses). Ch, fetal chest. (b) US at birth: trans- displays a typical PUJO 
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PUJ and Ureterovesical Junction (UVJ) 
Obstruction 

Both PUJ and UVJ obstruction may coexist. 
UVJ obstruction may evolve unrecognized, 
especially on IVU, up to the surgical correction 
of the PUJ obstruction (Fig. 16); only thereafter 
will the lower obstruction be detected and even- 
tually corrected. The condition might be easier 
to diagnose on MR urography (McGrath et al. 
1987). 


PUJ Obstruction and Urolithiasis 

Any condition favoring urinary stasis may induce 
the development of urolithiasis (Fig. 17) (Kraus 
et al. 1999) (see chapters “Urolithiasis and 
Nephrocalcinosis” and “Imaging in Renal 
Agenesis, Dysplasia, Hypoplasia and Cystic 
Diseases of the Kidney”). 


PUJ Obstruction and Horseshoe Kidney 
Horseshoe kidney may present PUJ obstruction 
due to the crossing between the vessels and the 
ureters. This usually involves one of the collect- 
ing systems (Fig. 18). 


PUJ Obstruction and Urinoma 

A urinoma may complicate a PUJO. This type of 
complication may occur already in utero. It is 
more common with posterior urethral valves and 


Fig. 16 PUJ and UVJ obstruction. 3D - T2W MR urog- 
raphy. Obstruction is seen at the PUJ and at the UVJ 
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acts like a protecting mechanism against obstruc- 
tion (Silveri et al. 2002). 


Intermittent PUJO 

Intermittent PUJ obstruction is a condition where 
stable conditions alternate with acute dilatation 
of the collecting system. During an acute phe- 
nomenon, the patient experiences pain, nausea, 
and vomiting (Dietl’s crisis). The clue to the 
diagnosis is thickening of the pelvic wall on US 
during convalescence (Tsai et al. 2006). 


3.4.4 Differential Diagnosis of PUJO 
Differential diagnosis of PUJO should include 
multicystic dysplastic kidney (MCDK), infundib- 
ular stenosis, and UVJ obstruction. This differen- 
tial diagnosis is easy in most cases. In MCDK, 
no or little amount of renal parenchyma is seen, 
there are cysts of variable sizes, and there are no 
connections between the cysts. In infundibular 
stenosis, the calyces are dilated, more than the 
renal pelvis. Finally, in UVJ obstruction, the ure- 
ter is dilated. 


3.4.5 The Natural History 

and Treatment 

of Neonatal PUJO 
The postnatal follow-up of fetal hydronephro- 
sis has shown that more than half of the cases 
of hydronephrosis resolve spontaneously in 
utero or after birth (see chapter “Upper Urinary 
Tract Dilatation in Newborns and Infants 
and the Postnatal Work Up of Congenital 
Uro-nephropathies”). This evidence has led 
to a more conservative approach toward all 
uropathies and among them PUJO. On the 
other hand, many urologists stress the fact that 
early surgery would improve renal function, 
while others publish opposite conclusions, 
although they agree that pyeloplasty is safe in 
early life. 

It seems reasonable to follow these patients 
during their first year of life with US and iso- 
tope studies and to propose surgery if any com- 
plication occurs, if renal function diminishes, or 
if there is evidence of contralateral renal hyper- 
trophy (Koff et al. 1994; Koff and Campbell 
1994). 
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3.4.6 Progression of Obstruction 

It has rarely been shown that patients with normal 
kidneys in early life present a true UPJ obstruc- 
tion later in childhood, necessitating surgical 
correction (Rickwood and Godiwalla 1997; 
Flaschner et al. 1993). 


Take Away 

PUJO is the leading cause of a urinary tract 
dilatation. More and more cases are diag- 
nosed with antenatal diagnosis. The confir- 
mation of the obstruction and the best 
timing for surgery remain controversial. 


3.5 Megaureter and Hydroureter 

Ureteral dilatation, or hydroureter, is a frequent 
cause of a dilatation of the fetal urinary tract. 
Under normal conditions, on fetal or postnatal 
US, the normal ureter is not visualized. Once it is 
visible (Fig. 19), a urinary tract dilatation is pres- 
ent and must be investigated (Keller et al. 1993). 
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The presence of a dilated ureter may correspond 
to primary megaureter (MU), to refluxing MU 
(see chapter “Congenital Anomalies of the Renal 
Pelvis and Ureter” and “Vesicoureteric Reflux”), 
to nonobstructive nonrefluxing MU, or to sec- 
ondary MU. The various imaging techniques will 
be necessary in order to differentiate between 
these entities. 


3.5.1 Primary Megaureter 

Primary MU corresponds to a dilatation of the 
ureter above an adynamic ureteral segment at the 
ureterovesical junction. The degree of dilatation 
is variable. On US, the dilated ureter is especially 
visualized behind the bladder; due to peristalsis, 
the caliber of the ureter varies and the dilatation 
may “disappear” during a few seconds; therefore, 
the examiner should remain focused on the area 
in order to not underestimate the dilatation. MR 
urography displays easily the dilated ureter up to 
the UVJ (Fig. 20). The adynamic segment may or 
may not be visible. There may also be a balloon- 
ing of the distal ureter. The degree of associated 
pelvicalyceal dilatation varies, and it may even 
sometimes be absent. As mentioned, more and 


d 


Fig. 17 PUJ obstruction and lithiasis. (a) Plain film of the abdomen; right calcified lithiasis (arrow). (b) IVU: UPJ 


obstruction; the lithiasis is in the inferior calyx 
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Fig. 18 Right PUJ in a horseshoe kidney—MR urography. (a) Axial T2 HASTE sequence. (b) Coronal T1 Vibe FS Gd 
enhanced 


Fig.19 Megaureter on US. (a) Sagittal scan of the left kidney showing a dilated pyelocalyceal system as well as proxi- 
mal and lumbar ureter. (b) Left parasagittal scan of the bladder, a dilated ureter is visible behind the bladder 


Fig. 20 Megaureter on MR urography: FU of antenatal diagnosis. (a) Coronal T2W MRCP. (b) T1 FS Gd enhanced 
sequences confirming the right ureteral dilatation 
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more cases are diagnosed during fetal life and 
evaluated after birth. MU tends to resolve sponta- 
neously in a large percentage, and therefore, a 
conservative attitude has been proposed. The 
patients are put under prophylactic antibiotic 


d 
Fig.21 Coexisting UVJ obstruction and VUR: post-void 


film of a VCU; there is bilateral VUR. On the left, VUR 
has occurred in a dilated collecting system 
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therapy and followed clinically and by US for 
several years. Surgery is elected if any complica- 
tion occurs or if renal function deteriorates 
(Wilcox and Mouriquand 1998; Baskin et al. 
1994; Liu et al. 1994). 


3.5.2 Refluxing Megaureter 

High-grade VUR should be preferred to reflux- 
ing megaureter to avoid misunderstanding. 
However, primary MU and VUR can rarely 
coexist (Fig. 21) (see chapters “Congenital 
Anomalies of the Renal Pelvis and Ureter” and 
“Vesicoureteric Reflux”). Treatment should 
include both ureteral modeling and antireflux 
reimplantation. 


3.5.3 Secondary Megaureter 


Intrinsic Causes 

Ureteral dilatation may occur secondarily to 
ureteral valves and midureteral (Fig. 22) or dis- 
tal stenosis or due to ureteral diverticula (Cope 
and Snow 1991; Pinter et al. 1997). Valves 
should be differentiated from pseudo-valves 
corresponding to the persistence of a fetal pat- 
tern that is transitory and nonobstructive 
(Fig. 23). 


Fig. 22 Midureteral stenosis 3D and 2D T2 sequences displaying the dilatation of the urinary tract up to the mid- 


lumbar ureter 
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Fig. 23 Persisting fetal ureter determining pseudo-valves 
on the proximal ureter (30-s view of an IVU) 


Fig. 24 Retrocaval ureter. (a) MIP T1 EG3D and (b) 
fusion views (Courtesy L Lemaitre MD (Lille)) 


Extrinsic Causes 

Retrocaval ureter causes a typical medial dis- 
placement of the right lumbar ureter that is 
(Fig. 24) best demonstrated on CT or MR urog- 
raphy. Ischiatic or crural herniation of the ure- 
ter may also occur; the ureter will display an 
unusual lateral and anterior course (Fig. 25). 
Retroperitoneal tumor processes and genito- 
urinary pelvic tumors may determine displace- 
ment and secondary obstruction of the ureters 
(Fig. 26). A distended bladder also induces ure- 
teral and pyelocalyceal dilatation, and, there- 
fore, the size of the collecting system must be 


Fig. 25 Crural hernia of a left megaureter. MR imaging 
T2W sequence. (a) Upright AP view. (b) Lateral view 
showing the anterior course of the ureter 


controlled after micturition. In severe cases 
constipation may displace and distend the ure- 
ters (Fig. 27). Urolithiasis and hematoma may 
induce ureteral dilatation, and the work-up must 
be adapted according to the potential diagnosis 
(Lautin et al. 1988; Herbetko and Hyde 1990; 
Oyen et al. 1987; Sherman et al. 1988). 


3.5.4 The Natural History of Primary 
Megaureter 
See chapter “UTI and VUR”. 


Ureteral Wall Lesions 
and Look-Alike 


3.6 


Ureteral wall lesions most often correspond to 
inflammatory and infectious lesions. They are 
best visualized on CT (IVU like views) where 
they appear as filling defects (cystic ureter- 
itis) or striations (ureteritis) (see chapters 
“Surgical Procedures and Indications for 
Surgery” and “Congenital Anomalies of the 
Renal Pelvis and Ureter”). Differential diag- 
nosis should include hematoma and varices 
(Matsumoto 1986). 
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Fig. 26 Retroperitoneal malignant fibrosis (leukemic 
infiltration) determining bilateral ureterohydronephrosis 
visualized on a CT scan without contrast injection. (a) 


Fig.27 Ureterohydronephrosis induced by fecaloma (patient 
with caudal regression syndrome and dysplastic kidneys) 


3.7 Ectopic Ureter 

Ureteral ectopia may be associated with single or 
duplex collecting systems (see below). Ureteral 
ectopia with a single system is much rarer than in 
the duplex kidney. Unilateral ectopia is more 
common in boys, whereas bilateral ectopia is 
more frequent in girls. It is usually associated 


Transverse scan. (b) Oblique 2D reconstruction showing 
the ureteral entrapment 


= 


Fig. 28 VUR into an ectopic ureter inserting into the 
posterior urethra (patient with pelvic horseshoe kidneys) 


with poorly functioning dysplastic kidney(s); the 
kidney may even correspond to a MCDK. The 
ectopic ureter may drain into the bladder neck, 
the posterior urethra, or the vas deferens in boys 
(Fig. 28). It drains into the bladder neck (Fig. 29), 
the urethra, the vagina, or the uterus in girls; it 
may also drain into the rectum or a Gartner duct 
cyst (Sheih et al. 1996). VUR into the ectopic 
ureter may appear during cycling VCU. 
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The anomaly is best demonstrated on MR 
urography or on contrast-enhanced CT (Borer 
et al. 1998; Pantuck et al. 1996; Gharagoloo and 
Lebowitz 1995; Braveman and Lebowitz 1991). 


3.8 Ureterocele and Single 


Collecting System 


Ureterocele (U-cele) represents cystic dilatation 
of the intravesical segment of the ureter. It is 
more common with duplex kidneys. When it is 
associated with a single system, the U-cele is 
commonly intravesical. On US, the U-cele 
appears as a cystic structure within the bladder 
that is connected with the ureter (Fig. 30); the 


Fig. 29 Ectopic insertion of a ureter from a left markedly 
dilated and dysplastic kidney — MR urography. (a) 
Coronal T2W sequence, (b) sagittal MIP T2W sequence. 
The dilated left ureter inserts at the level of the bladder 
neck 
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upper urinary tract is somewhat obstructed or 
dilated. On VCUG, the U-cele appears as a filling 
defect within the bladder, especially on early 
films. The exact anatomy is assessed by MR 
urography (Fig. 31). The treatment is similar to 
that for U-cele in duplex kidneys depending on 
the degree of secondary obstruction. It is worth 
noting that a U-cele may be associated with a 
MCDK. 


3.9 Bifid Collecting Systems 

Bifid collecting systems correspond to incom- 
plete duplication of the ureter; the ureters may 
meet at any level between the PUJ and the 
UVJ. US can only rarely differentiate the com- 
plete from the incomplete duplex kidney. 
Nowadays it is best evaluated by MR urogra- 
phy. An obstruction may occur at the lower pole 
collecting system or at the meeting point of the 
two ureters. Uretero-ureteral or pyelo-pyelic 
reflux (yo-yo reflux) is also typical for this con- 
dition (Fig. 32) (see chapter “Renal Agenesis, 
Dysplasia, Hypoplasia and Cystic Diseases of 
the Kidney”). 


Take Way 

Primary MU has a typical appearance best 
demonstrated on MR urography, though 
often US is sufficient. An MU may or may 
not be secondary to obstruction and associ- 
ated with VUR. 


Fig. 30 Single U-cele on US. (a) Sagittal scan of the right kidney, displaying a slight dilatation of a single system. (b) 


Transverse scan of the bladder, typical U-cele 
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Fig. 31 Single 
U-cele on MR 
urography. (a) 
Frontal T2W 
sequence shows the 
mildly dilated right 
system. (b) Frontal 
T2W sequence, 
demonstrating the 
U-cele within the 
bladder 


Fig.32 Left bifid collecting system with VUR on VCUG 


4 Duplex Collecting Systems 


4.1 Etiology and Epidemiology 

Complete duplication is thought to result from 
two separate ureteral buds presenting on the 
mesonephric duct (Glassberg et al. 1984). The 
orifice of the ureter draining the lower seg- 
ment of the kidney migrates more cephalad 
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and lateral than the ureter draining the upper 
part of the kidney (Weigert-Meyers law). 
When both orifices open close to each other 
at a normal location, no complications occur. 
On the contrary, when they open apart from 
each other and away from the normal location, 
complications occur: the lower pole is usu- 
ally associated with VUR and the upper pole 
with ureteral ectopia or U-cele with second- 
ary obstruction. Dysplasia of the upper pole 
is also very common and seems to be related 
to an abnormal position of the ureteral bud 
on the renal blastema (Mckie and Stephens 
1975). Complete ureteral duplication occurs 
in 1 out of 500 patients, most often with no 
complications. 


Presentation 
and Circumstances 
of Diagnosis 


4.2 


An uncomplicated duplex kidney is usually 
detected during a US examination that demon- 
strates two distinct renal hila separated by a 
bridge of normal parenchyma (Fig. 33). Unless 
there is a clinical indication, no further examina- 
tion is necessary. 

Still, many complications may occur and 
involve any of the poles of the duplex kidney, 
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sometimes both, such as dilatation of the upper or 
lower pole, VUR, MCDK ectopic ureter, or U-cele. 
Abnormal duplex kidneys used to be and 
are still detected during the work-up of urinary 
tract infection or urinary dribbling in girls. 
They are more and more often demonstrated 
during fetal life. In utero, it is possible to dif- 
ferentiate between the two collecting systems 
particularly if one is dilated. It is even possible 
to differentiate between ectopic ureteral inser- 
tion and U-cele in utero (Vergani et al. i 
Other forms of presentation include interlabial 
mass in girls or bladder outlet obstruction. 
Both conditions are related to urethral pro- 
lapse of the U-cele (Nussbaum and Lebowitz 


3). 


Fig. 33 US of renal duplication: sagittal scan of the right 
kidney. The two hyperechoic sinusal entities are separated 
by a parenchymal bridge (arrows) 
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4.3 The Work-Up of Duplex 
Kidneys: General 


Considerations 


The findings of obstetrical US have to be 
confirmed after birth by US first. US usu- 
ally demonstrates the two renal poles and the 
ureterohydronephrosis involving one or both 
moieties (Fig. ). It displays easily intraves- 
ical U-celes (Fig. ); however, the technique 
cannot always demonstrate ectopic ureters. 
VCUG is performed thereafter in order to 
detect VUR, including reflux into an ectopic 
ureter, and to evaluate the U-cele (Fig. 35). 
MR urography is performed whenever ana- 
tomical information is needed on the morphol- 
ogy of the duplex system. The technique is 


able to provide all the anatomical (Fig. ) 
details as well as some functional information 
after gadolinium enhancement (Fig. 3 ). 


Isotope studies are mandatory to determine 
renal function particularly of the dilated and 
dysplastic upper moiety (Fig. 8). This com- 
plete work-up is mandatory in order to orient 
the best therapeutic approach. 


4.4 Duplication and VUR 

VUR is much more likely to occur into the lower 
than in the upper moiety of a duplex kidney. 
Lower-pole VUR is the most common abnormal- 
ity that is associated with a duplex kidney 


Fig. 34 US of a (classical) complicated left duplex kidney. (a) US of the kidney showing a dilated upper pole. (b) US 
of the bladder (left parasagittal scan, a dilated ureter ends into a typical U-cele) 
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Fig. 35 VCUG of a typical right duplex. The U-cele is 
visible as a filling defect, there is a right VUR in the right 
lower pole 


(Fig. 37). The degree of VUR varies from mild to 
severe and can be graded like VUR into single 
systems. Massive VUR into a markedly dilated 
system may be misinterpreted as VUR in a single 
system. The VUR in the lower pole may be an 
isolated finding or may coexist with other types 
of pathologies and especially obstruction of the 
upper pole (Claudon et al. ). 

The so-called reflux nephropathy (RN) of the 
lower pole is commonly associated with VUR 
(Fig. 37). It may be present already at birth with 
no preexisting urinary tract infection (“fetal 
RN”). VUR may occur simultaneously in both 
moieties (Fig. 38); this implies that the ureteral 
openings within the bladder are very close or 
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Fig. 36 Complicated duplex and MR urography. (a) 
Coronal T2W sequence: markedly dilated upper pole 
pyelocalyceal system and ureter. Thinned cortical band. 
Non-dilated lower pole. Contralateral hydronephrosis. (b) 
Coronal T1+Gd sequence, no enhancement of the upper 


pole. (c, d) Comparative analysis of upper and lower pole 
enhancement after gadolinium. The curve corresponding 
to the upper pole demonstrates poor enhancement and 
probable decreased function 
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Fig. 37 VUR into the lower pole of a duplex system. (a) 
Left grade II-IV VUR into the lower pole (right grade II 
VUR). (b) MR urography displaying the monocalyceal 


Fig. 38 VCUG - reflux into both moieties of a left 
duplex system 


even common. VUR can occur in the lower pole 
due to ectopic insertion (at the bladder neck) of 
the ureter (see below). 
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upper (arrow) and dilated lower collecting systems (T2W 
coronal sequence) 


VUR into the upper pole may also occur after 
inadvertent catheterization of a U-cele or after 
endoscopic unroofing of a U-cele (Blyth et al. 
1993). The natural history of VUR into the 
lower pole is similar to VUR into a single sys- 
tem; it may resolve spontaneously (Peppas et al. 
1991). 


4.5 Ureteral Ectopia 

Typically, the ureter draining the upper pole 
develops caudal to the normal location and is 
often ectopic, somewhere along the pathway 
of the mesonephric system. In boys, ectopic 
ureteral orifices open most usually into the 
posterior urethra but also into the ejaculatory 
ducts or the epididymis (the condition should 
therefore be suspected in orchiepididymitis). 
In girls, the ectopic ureter drains into the blad- 
der neck, the vagina, the uterus, or any 
Mullerian variant. An ectopic ureter is usually 
associated with obstruction, with VUR, or 
both (Fig. 39). 
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Fig. 39 Right duplex collecting system with ectopic urethral 
insertion of the upper pole in a 6-month-old baby girl. (a) US 
of the kidney (between crosses): dilatation of the upper pole. 
(b) Right sagittal scan of the bladder (B). The ureter is dilated 
(between crosses), but its insertion cannot be visualized. (c) 
VCU: during voiding, the ureter opacifies and the insertion 
seems located in the urethra (there is also a vaginal VUR). 


As mentioned above, more and more cases 
are diagnosed during obstetrical US and evalu- 
ated at birth. In these children, the anomaly 
will be confirmed by US after birth, and further 
work-up will include VCUG and MR urography 
(see Chap. 26). In older children, ectopic ureters 
may be detected during the work-up of urinary 
tract infection. Typical clinical presentations 
include orchiepididymitis in boys and urinary 
dribbling in girls. Yet, many cases may evolve 
unrecognized up to late childhood since many 
ectopic draining upper poles function poorly 
(Share and Lebowitz 1990). Usually the duplex 
system is detected on US examination with the 
dilatation of the lower or the upper pole. The 
technique can suggest an ectopic insertion but 
usually cannot demonstrate it, though perineal 


(d) VUR reaches the pyelocalyceal system of the upper pole. 
(e) IVU: the opacification of the right upper pole is poor. (f) 
MR urography: coronal SPIR T2 sequence showing the right 
duplication and the inferior insertion. (g) MR urography: sag- 
ittal inversion-recovery T2 sequence with MIP reconstruction 
shows the low extravesical insertion of the upper pole ureter 
(arrow) 


US sometimes can be helpful for this diagno- 
sis. The ectopic ureter may occasionally opacify 
during a VCUG (Fig. 39c). MR urography 
(or — if MR is unavailable and there is sufficient 
renal function of the respective moiety — con- 
trast-enhanced CT) is able to demonstrate the 
ectopic extravesical insertion even though the 
upper pole parenchyma is small or functions 
poorly (Figs. 41, 42, 43, 44, 45, 46, 47, 48, and 

) (Share and Lebowitz 1 ; Braveman and 
Lebowitz J; 

Contrast-enhanced CT and better MR urogra- 
phy are both able to demonstrate the ectopic 
extravesical insertion even though the upper pole 


parenchyma is small or functions poorly 
(Figs. 39, 40, 41, 42, and 43) (Share and Lebowitz 
; Braveman and Lebowitz 1 J: 
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Fig. 40 Ectopic vaginal insertion of an upper pole ureter upper pole ureter. (b) MR urography on the bladder: vaginal 
(7-year-old girl with urinary dribbling). (a) MR urography ectopia of the ureter corresponding to the upper pole (arrow) 
T2W sequence shows bilateral duplication with dilated right 


Fig. 41 (a-c) Ectopic insertion into a Mullerian remnant — MR urography T2W sequences successively views demon- 
strating the duplex system, a “dysplastic” upper pole ureter inserting into a retrovesical cystic structure 


Upper pole heminephrectomy is required in ureter is usually left in place and may display 
order to stop the urinary dribbling or recurrent VUR. MR imaging (with Gd injection) is able to 
urinary tract infection when the dysplastic upper determine the remaining function of the dysplas- 
pole is still functioning. The inferior part of the tic parenchyma. 
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Fig. 42 Cecoureterocele. (a) On VCU, the U-cele lies (B) showing the large ureterocele (U). (d) On the post- 
within the posterior urethra (arrowheads). (b) On a later voiding film, the ureterocele (U) still occupies the 
phase, the ureterocele has everted. (c) US of the bladder posterior urethra. Note the thickened bladder wall 


am 
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Fig. 43 Small obstructive U-cele. (a) Important dilatation (D) of the corresponding upper pole. (b) Small intravesical 
U-cele (arrow) 
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4.6 Ureterocele 
U-cele is the other anomaly that can be associated 
with the upper pole of a duplex kidney. U-celes 
represent a dilatation of the intravesical portion 
of the ureter (Figs. 34b and 42c). They may be 
associated with a wide spectrum of anomalies 
at the upper pole, in the bladder, and in the ure- 
thra. Large U-celes may be in relation with tiny 
upper poles, whereas small U-celes may be highly 
obstructive (Fig. 43). U-celes have been classi- 
fied into stenotic, sphincteric, sphincterostenotic, 
cecoureterocele, blind U-cele, and non-obstructed 
U-cele according to their location and degree of 
obstruction (Lebowitz and Avni 1980; Share and 
Lebowitz 1989). The cecoureteroceles are located 
down into the posterior urethra (Fig. 42), and their 
surgical correction is more difficult. Again, as for 
ectopic ureter, many U-celes are detected during 
fetal US allowing rapid evaluation and treatment 
at birth. They are also detected during the work- 
up of urinary tract infection and more rarely as an 
interlabial mass in the baby girl. 

U-celes are best visualized on US examination 
as a cystic structure within the bladder (Figs. 36, 
42, and 43). Small low-positioned U-celes may 
remain unrecognized with this technique. Their 
differential diagnosis on US includes a Gartner 
duct cyst and the Wolffian duct cyst, which are 
extravesical and may be associated with genital or 
renal anomalies (Trigaux et al. 1991). U-celes are 
also well visualized on MR urography (Fig. 44) 
and VCU. On VCU, the differential diagnosis 
should include air bubble, blood clot, lithiasis, 
tumor, or balloon catheter (Lebowitz and Avni 
1980). US is usually sufficient for this differen- 
tial. On VCU the U-celes may display varying 
appearances. During the filling phase, the U-cele 
may vanish, evert, or prolapse within the urethra 
and induce bladder outlet obstruction (Figs. 43 
and 45) (Lebowitz and Avni 1980; Bellah et al. 
1995). The fear of this type of obstruction has led 
several teams to propose early endoscopic unroof- 
ing of the U-cele (Blyth et al. 1993; Shekarriz 
et al. 1999; Jayanthi and Koff 1999; Husmann 
et al. 1999). The advantage of the method is that 
it helps to drain the obstructed urinary tract, 
providing hope of improving function and ren- 
dering heminephrectomy unnecessary. The dis- 
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Fig. 44 MR urography of duplex system with ectopic 
U-cele, T2 inversion-recovery sequence. The small ure- 
terocele (arrow) was not visualized by US 


advantage is that secondary VUR into the upper 
pole may supervene, making reimplantation 
necessary. After incision, the U-cele collapses 
and appears as a pseudomass within the bladder 
(Rypens et al. 1992). 


4.7 (Cystic) Dysplasia 


of the Upper Pole 


The appearance and function of the parenchyma 
at the upper pole of a duplex kidney vary widely. 
It may appear normal with a preserved function; 
this usually occurs in duplex kidneys with nor- 
mally or near-normally positioned ureteral open- 
ings. On the contrary, the parenchyma may be 
very thin and poorly functioning in relation with 
ectopic U-cele or ectopic ureters (Corrales and 
Elder 1996). The condition is usually detected 
by US, sometimes in utero. The condition may 
be recognized later in childhood due to infec- 
tion or dribbling. CT or MR urography and 
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Fig. 45 Eversion of a ureterocele. (a) Filling phase of the VCU: the ureterocele is seen within the bladder as a filling 
defect (arrow). (b) After voiding, the ureterocele has now everted; bilateral VUR is also present (right grade I; lower 


left pole grade II) 


Fig. 46 Cystic dysplasia of the upper pole of a right 
duplex kidney. (a) On US, a single cyst (arrow) is visual- 
ized on the sagittal scan of the right kidney. (b) On IVU, 


isotopes are complementary in demonstrating 
the morphology and the function of the dysplas- 
tic renal moiety (Fig. 46) (Share and Lebowitz 

; Avni ). The dysplastic upper pole 


the upper pole does not opacify. (c) MR urography dis- 
plays the cystic upper pole and the extravesical insertion 
of the corresponding ureter (arrow) (SPIR T2 sequence) 


may involute progressively, in a way similar 
to MDKD. Furthermore, MDKD may involve 
the upper or the lower pole of a duplex system 


(Fig. 47). 
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4.8 Other Types of Obstruction 


in Duplex Kidney Take Away 
A wide variety of anomalies occur in duplex 
Obstruction may occur at many levels including kidneys. Dedicated and skilful, partially indi- 
the PUJ of the upper and lower pole (the latter is vidualized imaging is mandatory in order to 
the most common) (Fig. 48). Obstruction may characterize the precise anatomy, to decide 
also occur at the UVJ of one or both ureters on treatment, and to orient for surgery. 
(Fig. 49) (Ulchaker et al. ; Ho et al. ). 


Fig. 48 PUJ obstruction on the lower pole displayed by Fig. 49 UVJ obstruction on the upper and lower moieties 
MR urography (T2W sequence). The arrowhead points to displayed by MR urography (inversion-recovery sequence 
the upper pole system with MIP reconstruction) 
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Fig. 50 IVU demonstration of ureteral quadruplication 
(Courtesy of L. Sourtzis, MD) 


5 Triplication and 
Quadruplication 
of the Ureter 


Triplication and quadruplication of the ureter are 
very unusual conditions that can be diagnosed on 
IVU, VCUG, and MRI (Fig. 50) (Hassan 1990; 
Sourtzis et al. 1994). 


Conclusion 
Many anomalies occur at any level of the col- 
lecting system. The morphology of the anom- 
alies is best evaluated by MR urography, 
especially if there is no or only poor function. 
US, however, mostly is a good initial imaging 
tool and often useful for follow-up, comple- 
mented by VCUG (ce-VUS) in the initial 
diagnostic work-up and isotope studies for 
functional queries. 
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sound (US) is performed routinely during nor- 
mal pregnancies. This leads to the discovery of 
many fetal anomalies, and, among them, uro- 
nephropathies represent one of the largest groups 
amenable to neonatal management. They are 
now included in the so-called CAKUT [congeni- 
tal anomalies of the kidney and urinary tract] 
group (Renkema et al. 2011; Wiesel et al 2005; 
Ek et al. 2007). 

Changes have occurred in the neonatal man- 
agement since nowadays these uropathies are 
detected in mostly asymptomatic patients, and 
the treatment is mainly preventive. Antenatal 
detection and postnatal follow-up have yielded 
new data on the natural history of many uropa- 
thies and have shown that a majority of antena- 
tally diagnosed renal dilatations will resolve 
spontaneously (Barbosa et al. 2012; Ek et al. 
2007; Kumar et al. 2012; Quirino et al. 2012; 
Wollenberg et al. 2005). 

The aims of the postnatal work-up will be first 
to confirm the anomaly, to ascertain the diagnosis 
(and the prognosis), then to adapt the follow-up to 
the type of anomaly, and finally to decide on the 
best treatment (see also chapter “Congenital 
Urinary Tract Dilatation and Obstructive 
Uropathy”). The rationale of all the imaging is 
clearly to prevent further complications on an 
already damaged kidney (Ismaili et al. 2004, 2005). 
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Postnatal Work-Up 


The ideal postnatal work-up is still debated but it 
has been markedly standardized. At first the ante- 
natal US findings were standardized (Table 1) 
differentiating minimal and moderate dilatation 
from marked dilatation in order to define the 
proper postnatal management. Secondly the post- 
natal management has been also standardized 
depending on the antenatal and postnatal findings 
(Tables 2a and 2b). All proposed managements 
are based on the US findings (Riccabona et al. 
2008, 2009). 

An American consensus panel has recently 
proposed a further classification and standard- 
ization: the UTD (urinary tract dilatation) 
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classification system aimed to describe simul- 
taneously both antenatally and postnatally US 
findings. It is based on six US findings, ante- 
rior-posterior (AP) axial renal pelvic dilata- 
tion, calyceal dilatation, renal parenchymal 
thickness, parenchymal appearance, bladder 
and ureteral anomalies, as well as the amniotic 
fluid volume. The system distinguishes 
whether the findings are antenatal (A) or post- 
natal (P) followed by a number. UTD A1 rep- 
resents mild antenatal UTD and UTD P3 
marked postnatal dilatation (Nguyen et al. 
2014). The examination is intended to confirm 
the anomaly, differentiate between uro- and 
nephropathies (knowing that both can be asso- 
ciated), and determine the need for further 


Table 1 Sonographic classification of fetal pelvi-calyceal dilatation (Riccabona et al. 2008, updated 2017) 


US grading of pelvi-caliceal distention / dilatation / width (PCD) in 
neonates and infants 


i S 


PCD Iv° PCD V° 


PCD O° PCD I° PCD II° PCD III° 

PCDO = collecting system not or hardy visible, normal 

PCDI = just renal pelvis clearly visible, calices not depictable 
axial plevic diameter less than 7 mm, considered normal 

PCD II = axialrenal pelvis diameter less than 10 mm , (some) calices visible, but with 
normal forniceal and papillar shape / configuration (often normal variation) 

PCD III = marked dilatation of calices and pelvis, the pelvic axial width usually >10 mm 
with flattened papilla and rounded fornices, but without parenchymal narrowing 

PCD IV = gross dilatationof entire collecting system + narrowing of renal parenchyma 

(PCDV = additionally used in some places, to describe an extreme PCD IV° 


with only a thin, membrane-like residual renal parenchymal rim ) 
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Table 2 (a) Mild to a Postnatal imaging algorithm in mild or moderate foetal urinary tract 
moderate) and (b) dilatation (Riccabona et al. 2006) 
(severe dilatation) 


Proposed neonatal prenatal US: mild or moderate dilatation = PCD II + III 
work-up of fetal 


uropathies. (a) Postnatal 


ide : : . 4st 
imaging algorithm in lee US: 1% US around day 5 a 


mild or moderate fetal 


UTD (Riccabona et al abnormal: pelvis > 7 mm + dilated calyces, or other anomalies normal 
2008). (b) Postnatal y y 
imaging algorithm in vcus |< | US at 1 month 
severe fetal UTD 1A 
(Riccabona et al. 2009) normal abnormal abnormal ca 
| pelvis > 10 mm 
US at 3 months other malformation * 


x “extended criteria” 4 
bn normal 


pelvis<10mm pelvis >10 mm 
y Y Y 
further morphological & functional 
Stop follow-up | evaluation: Scintigraphy, IVU, MRU Stop follow-up 


* US genitography: in all patients with single kidney, MCDK, ectopic kidneys etc ... 


b Postnatal imaging algorithm in severe foetal urinary tract dilatation 


prenatal US: gross dilatation = PCD IV° + V° 
narrowed or dysplastic parenchyma, suspected PUV ! 


early US + VCUG 
others 
PUV | obstructive uropathy | | obstructive uropathy | MCDK, cystic dysplasia 
single kidney, VUR ... 
duplex system/ malformation 
cystic tumour... 
acute intervention = = 
catheterism and/or PCN || bilateral or single kidney *2| |+ MAG 3 (6 weeks) 
early DMSA? + elevated creatinine + MRG (IVU?) 
or infection 
a as indicated “12 
acute intervention (PCN) MCDC, cystic dysplasia: => DMSA or MRU 


single kidney, VUR ...=> DMSA ar MRU 
duplex system => DMSA ar MRU 
malformation => MR? DMSA? 

cystic tumour =>> MR or CT 


“1 ce-VUS: can be considered in all girls with dilated ureters and gross PCD 
*2 US genitography: in all patients with single kidney, MCDK, ectopic kidneys etc ... 
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Fig. 1 Right pneumothorax and bilateral lung hypoplasia 
in a neonate with recessive-type polycystic kidney disease 


imaging. Voiding cystourethrography (VCUG) 
looking for vesicoureteric reflux (VUR) and 
functional studies (scintigraphy, MRI) will be 
used afterward as required (Ismaili et al. 2006; 
Riccabona et al. 2008, 2009; Nguyen et al. 
2014). 


Clinical Situations 

and Antenatal Diagnoses 
Necessitating a Rapid 
Management 


2.1 


After birth, severe bilateral renal diseases (renal 
hypoplasia, posterior urethral valves, polycystic 
kidney diseases, etc.) can be associated with 
pneumothorax, lung hypoplasia, and life- 
threatening respiratory distress (Fig. 1). A respi- 
ratory assistance is mandatory even before 
considering any treatment for the urinary tract 
anomaly. Conversely, whenever a neonate pres- 
ents massive — seemingly — spontaneous pneu- 
mothorax, an US examination should be 
performed in order to verify the status of the uri- 
nary tract. 
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Several other conditions could necessitate 
early management and workup in the immediate 
neonatal period. In posterior urethral valves 
(Fig. 2), the rapid placement of a bladder cath- 
eter (suprapubic or urethral) will help to 
decrease the high bladder pressure, before valve 
resection. An ectopic ureterocele associated 
with an obstructed upper pole of a duplex kid- 
ney is prone to prolapse into the urethra during 
micturition and to provoke acute bladder outlet 
obstruction (Fig. 3). Cystoscopic unroofing the 
ureterocele is therefore advocated as the first 
step in managing this type of duplex kidneys 
(Uphadhyay et al. 2002; Van Savage and 
Mesrobian 1995; Hagg et al. 2000) (Fig. 4). 
Markedly dilated urinary tract (giant pelvi-ure- 
teric junction obstruction) may cause uncom- 
fortable enlargement of the baby’s abdomen and 
interfere with normal bowel transit, and then 
early nephrostomy or nephrectomy may become 
indicated (Fig. 5) (Shimada et al. 2007). Once 
all necessary therapeutic measures are taken, 
the work-up can restart more classically. 


2.2 Postnatal Work-Up 


of Uropathies 


As mentioned, the aims of postnatal work-up are 
to ascertain the diagnosis of the uropathy, deter- 
mine the degree of “obstruction” and/or renal 
function impairment, as well as the presence of 
VUR. 

For all uropathies, the workup has been 
markedly standardized. Nowadays, the major 
workload of an imaging department dealing 
with neonatal pathology is related to the man- 
agement of antenatally diagnosed urinary tract 
dilatation and its significance. Noteworthy, the 
extensive neonatal workup performed in recent 
years by many teams has increased mainly the 
detection of neonatal VUR, with questionable 
impact on management in quite a few of these 
infants (Van Eeide et al. 2007; Ismaili et al. 
2006). 

Two work-up approaches have been proposed. 
For some authors, whatever the result of a neona- 
tal US, a VCUG should be performed in case of 
any antenatal urinary tract dilatation. For them, 
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Fig. 2 Posterior urethral valves. (a) US of the bladder — ceal system and perirenal — urinoma (between the crosses). 
sagittal scan of the bladder displaying a marked thickened (c) VCU, micturition phase; typical appearance of PUV 
well. (b) Left kidney — sagittal scan — dilated pyelocaly- 


Fig. 3 Ureterocele prolapse 


Fig. 4 Neonatal puncture of ureterocele. (a) Sagittal scan large ureterocele (limited by the crosses). (c)Transverse 
of the right kidney demonstrating dilatation of the upper scan of the bladder after unroofing of the ureterocele. (d) 
pole. (b) Transverse scan of the bladder demonstrating a Sagittal scan of the kidney, the dilatation has resolved 
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Fig. 5 Giant PUJO. (a) Plain film of the abdomen: the 
bowel is displaced to the right by the distended kidney. (b) 
US: marked dilatation of the left kidney; the limits are 
hard to define; there is no parenchyma visible. (c) US after 


US is a poor predictor of VUR (Tibballs and De 
Bruyn ; Walsh and Dubbins ). For oth- 
ers, a VCUG should not be performed in all neo- 
nates; there will be too many unnecessary 
negative VCUGs. A VCUG should be performed 
only in those patients in whom the anomaly has 
been confirmed after birth (Yerkes et al. 1999). 
We favor the second approach and recommend a 
decision tree based on the neonatal and follow-up 
US findings (Riccabona et al. i ) 
(Tables 2a and 2b). Hence, US is performed first 
in order to confirm the anomaly (Fig. 6) (Marra 
etal. 1 ; Avni et al. ; Hulbert et al. 1 ). 
In any urgent situation and in all cases where the 
dilatation is known to be marked, it can be per- 
formed as soon as the clinical condition permits. 
For all other cases, it should be delayed to the 


nephrostomy, the renal parenchyma can now be identified. 
(d) Opacification of the pyelocalyceal system (it corre- 
sponded to the left part of a horseshoe kidney) confirming 
a UPJ obstruction 


post physiological dehydration period, namely, 
after the fifth day of life. At that time, the US 
examination should be as detailed as possible in 
order to detect every anomaly that would justify 
continuing the work-up (Table 3). The presence 
of a urinary tract dilatation is the most important 
landmark; seven mm is the most widely accepted 
upper limit of normal (some prefer 5 mm, others 
10 mm or even 12 mm) in the second and third 
trimester, respectively. Higher degrees of dilata- 
tion are associated with higher probability of a 
significant uropathy. Still, dilatation of the renal 
pelvis is not the only anomaly that should be 
looked for. Other US features can be associated 
with VUR or “obstruction” (Table 2b). One 
should not forget to examine the bladder; a large 
bladder with a thickened and trabeculated wall 
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Fig.6 Ante- and postnatal diagnosis of PUJ obstruction. 
(a) Transverse scan of a fetal abdomen (third trimester). 
The left pyelocalyceal system is dilated (20 mm between 


Table 3 US findings that may be associated with VUR 


Pelvic dilatation more than 7 mm 
Variable dilatation 

Calyceal dilatation 

Ureteral dilatation more than 3 mm 
Pelvic wall thickening 

Loss of CM differentiation 

Small kidney 

Signs of dysplasia 

Enlarged bladder 


could be a sign of VUR (Fig. 7). With a meticu- 
lous US examination, one should be able to detect 
indirect signs for VUR in over 85% of cases. 
Those VURs that are missed are non-dilating or 
grade I-II VURs with less clinical significance 
(Nguyen et al. 2014; Pates and Dashe 2006; 
Weinberg and Yeung 1998; Ismaili et al. 2004; 
Bouzada et al. 2004). Finally, particularly in baby 
boys, the comprehensive US study should include 
a perineal scan of the urethra during voiding — 
particularly if indirect signs suggest a possible 
posterior urethral valve. 

If the initial US examination is entirely nor- 
mal, it seems reasonable to perform follow-up 
examinations at 1 or 3 months in order to detect 
cases that would have escaped the neonatal 
screening (Riccabona et al. 2008, 2009) 
(Tables 2a and 2b). 

In case of an abnormal US, a VCUG (or ce.- 
VUS) should be performed, preferably during the 
first weeks of life. The examination may be per- 
formed under prophylactic antibiotic therapy. 


crosses). (b, c) Postnatal US ((b) transverse scan and (c) 
sagittal scan) confirming the dilatation 


The aim of the examination is to detect VUR and 
bladder or urethral anomalies. 

If high-grade VUR is demonstrated, the patient 
is followed up clinically hoping that the VUR will 
resolve spontaneously. During this period of time, 
renal growth can be monitored every 3—6 months 
using US. The persistence of VUR should be veri- 
fied if infections occur or in the absence of renal 
growth (Kousidis et al. 2008). 

If no VUR is present, marked dilatation can be 
associated with urinary drainage impairment (pos- 
sibly obstruction) at the level of the pelvi-ureteric 
junction, the ureterovesical junction, or below the 
bladder outlet. US will help to determine the level 
of obstruction. In some centers, the work-up will 
be completed by functional studies, including a 
furosemide nephrogram — especially in cases with 
severe dilatation (Morris et al. 2009) (see below). 


Further Anatomical 
Assessment 


2.3 


If drainage impairment seems important and sur- 
gery may become indicated, the exact anatomy of 
the urinary tract must be assessed. Intravenous 
urography is no longer performed and MR urogra- 
phy is the best technique available to evaluate the 
anatomy of the urinary tract (Fig. 8). It will assess 
most precisely the anatomy of the dilated urinary 
tract (Avni et al. 2000; Darge et al. 2013). 
Furosemide is usually injected in order to increase 
diuresis and thus to optimize visualization of the 
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Fig. 7 Neonatal VUR (antenatal diagnosis of a mega- 
bladder). (a) Sagittal scan of the bladder appearing mark- 
edly enlarged. (b) Sagittal scan of the right kidney that 
appears slightly dilated (between crosses). (c) Sagittal 


Fig. 8 Neonatal 
MR urography 
of a left 
megaureter 
(T2w sequence) 


entire collecting and draining system. T2 sequences, 
inversion recovery sequences, and post-gadolinium 
enhancement 3D-T1 sequences allow a good 
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scan of the left kidney that appears markedly dilated 
(between crosses). (d) VCUG demonstrating bilateral 
grade IV VUR 


evaluation of the entire urinary tract (see chapter 
i ). The 

only drawback of the method is that it may require 

sedation and that it is not widely available. 

In case of a duplex collecting system, the 
work-up is similar to that for obstruction, except 
that the morphological assessment must be more 
rapid since an early therapeutic maneuver may 
become necessary. Again US, VCUG/ce-VUS, 
and MR urography will optimally evaluate the 
exact morphology (Fig. 9). MR urography dem- 
onstrates accurately the extravesical insertion 
of an ectopic ureter (Avni et al. ; Adeb 
et al. ). An isotope study, using preferably 
Tc?™ MAG 3 or Tc”™ ECD, is also mandatory 
in order to evaluate the remaining function of 
the two moieties (Piepsz and Ham ; Adeb 
et al. ) (see below, and chapter 


). 
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Fig.9 (a, b) MR imaging in 
complicated duplex kidney. (a)Left 
duplex with obstructed upper pole 
and ectopic infravesical insertion of 
the dilated ureter (arrow). (b) Left 
duplex with obstructed upper pole 
and ectopic ureterocele (arrow) 


Time Activity 


Fig. 10 1 “FO” diuretic renogram (Tc””"-MAG3) of a 
1-day-old boy. Antenatal diagnosis of bilateral hydrone- 
phrosis. (a) Important background activity related to low 
function (immaturity). Low right kidney DRF; severe 
impairment of right kidney drainage without emptying 
after micturition. Delayed cortical transit time. Impaired 


Functional Assessment: 
Nuclear Medicine Studies 


2.4 


Radionuclide renogram may be performed start- 
ing at 4—6 weeks — ideally around 3—6 months — 
but in cases of severe dilatation, it may be 
performed as early as 3-4 days of age (Piepsz 
et al. ; Ismaili and Piepsz ). In very 
young infants, in case of impaired overall GFR or 
in case of important renal pelvic dilatation, the 


Tıme Activity 


drainage of the left kidney with partial emptying after 
micturition. (b)Same child after right pyeloplasty at age 2 
weeks: Low background activity (functional maturation). 
Normal DRF values. Normal drainage and complete renal 
emptying after micturition 


determination of the differential renal function 
(DRF) has a poor accuracy (Piepsz et al. ). 
In such situations, the aim will essentially be to 
roughly estimate the function and drainage 
impairment of the affected kidney (Piepsz et al. 

) (Fig. 10). Tubular tracers (Tc?’"™ MAG 3 or 
Tc" ECD) are currently recommended, espe- 
cially in young patients, because their high 
extraction rate allows accurate quantification of 
the renogram (Ismaili and Piepsz ; Piepsz 
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et al. 2009; Gordon et al. 2001, 2011) (Fig. 10). 
The same radiopharmaceutical should be used 
for the follow-up studies (Piepsz et al. 2009). The 
radiation dose delivered is low, between 0.2 and 
0.4 mSv (Stabin et al. 1992; Smith and Gordon 
1998; Ismaili 2013). Determining DRF in infants 
is less precise than in older children; DRF are 
evaluated from the early phase of the renogram. 
Normal values are between 45 and 55 % (Gordon 
et al. 2011; Prigent et al. 1999; Eskild-Jensen 
et al. 2004). Drainage stimulation, using furose- 
mide, is the procedure of choice to obtain infor- 
mation about renal drainage. Furosemide (1 mg/ 
kg body weight, up to 20 mg) is often injected 
simultaneously with the radiopharmaceutical 
agent (“FO protocol”), reducing the duration of 
the examination and the number of venous punc- 
tures (Piepsz et al. 2011); however, it needs suf- 
ficient renal maturity and functional capacity to 
be effective, as well as sufficient/physiological 
hydration for the study. A full bladder at the end 
of the renogram may result in a poor drainage; 
therefore, post-micturition images obtained in an 
erect position if possible are mandatory (Gordon 
et al. 2011; Piepsz et al. 2009, 2011; Ismaili and 
Piepsz 2013). The evaluation of renal drainage is 
essentially based upon output efficiency (OE) 
and normalized residual activity (NORA); these 
quantitative parameters do not depend on the 
level of the renal function. They are calculated at 
the end of the dynamic part of the renogram and 
on the late post-micturition post-erect images. 
Normal and abnormal values have been deter- 
mined (Piepsz et al. 2002; Nogaréde et al. 2010). 

Evaluating the prognosis of these patients on 
the basis of the analysis of the DRF and drainage 
remains a challenge and is still controversial 
(Piepsz et al. 2009; Piepsz 2009; Gordon et al. 
2011; Ismaili and Piepsz 2013). Normal drainage 
strongly suggests the absence of risk for functional 
deterioration (Piepsz 2009), but impaired drainage 
does not allow predicting the outcome if a conser- 
vative approach is chosen. Several recent studies 
strongly suggest the importance of the visual anal- 
ysis of the cortical transit time of the tracer as a 
prognostic factor (Schlotmann et al. 2009; Piepsz 
2011; Duong et al. 2013): severely delayed corti- 
cal transit time is associated with a high rate of 
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Fig. 11 Case of HNF1f mutation (hyperechoic kidneys in 
utero) sagittal scan of the right kidney. It appears hyperechoic 
with small subcortical cysts that were not seen in utero 


improvement after surgery (Fig. 10). It also pre- 
dicts functional deterioration in the absence of sur- 
gical treatment. However, a normal cortical transit 
does not exclude the risk of DRF deterioration. 


2.5 The Postnatal Work-Up 


of Nephropathies 


The group of nephropathies with antenatal diag- 
nosis encompasses a large spectrum of diseases 
with variable degree of renal functional impair- 
ment. The largest group includes renal cystic dis- 
eases (see chapters “Renal Agenesis, Dysplasia, 
Hypoplasia and Cystic Diseases of the Kidney” 
and “Imaging in Renal Agenesis, Dysplasia, 
Hypoplasia and Cystic Diseases of the Kidney”). 
The renal involvement will be confirmed by post- 
natal US. The presence of small cysts is some- 
times easier to detect after birth than in utero, and 
this will help to precise the diagnosis (Fig. 11). 
US will also be helpful to detect associated mal- 
formations especially those occurring in the geni- 
tal tract, the liver, and the pancreas. The rest of 
the work-up will mainly be focused on clinical, 
biological, and genetic data that must be evalu- 
ated in order to characterize the diseases or syn- 
dromes (Avni et al 2006, 2012). US will be used 
during childhood in order to follow the renal 
growth and eventually changing US patterns with 
time (Fig. 12.). 
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Fig. 12 Spontaneous involution of a multicystic dysplas- 
tic kidney. (a)In utero at 34 weeks, transverse scan of the 
fetal abdomen. Typical right multicystic kidney (M); Sp, 
spine. (b) At birth transverse scan of the right kidney: 


Take away 

The postnatal work-up of urinary tract anom- 
alies has now been standardized, US being 
the cornerstone. Depending on the result, 
VCUG (or ce-VUS), MRI, and/or isotopes 
will be performed in order to clarify the diag- 
nosis and choose the proper treatment. 


For multicystic dysplastic kidney, renal ecto- 
pia, or unilateral agenesis, the work-up should 
also include US and a VCUG, if US is abnormal 
(see above) in order to detect ipsi- or contralat- 
eral VUR. Again, high-grade VURs might require 
prophylactic antibiotic therapy (Atiyeh et al. 
1993; Flack and Bellinger 1993; Selzman and 
Elder 1995; Ismaili et al 2005). Also of interest is 
to search for associated genital anomalies on 
pelvic US (Tables 2a and 2b). 


3 Long-Term Follow-Up 
and (Potential Treatment) 
in the Light of 
the Natural History 
of Uro-nephropathies 


As mentioned above, antenatal diagnosis has led 
to dramatic changes in the management of uropa- 
thies. First, nowadays, most patients are asymp- 


same appearance of the mass (M) as in utero. (c) At the 
age of 2 years, sagittal scan of the right kidney: only one 
small cyst remains (between the crosses) 


tomatic; second, the medical follow-up of many 
pathologies confirms their potential to resolve 
spontaneously. Consequently, surgery has been 
less and less advocated. The main goal of the pro- 
phylactic treatment (if applied) is to prevent fur- 
ther renal damage during the period when 
spontaneous resolution is expected. It should be 
noted that infection does occur in some cases 
despite the prophylactic antibiotic therapy; these 
make alternative treatment necessary 
1999; Ismaili et al. 2006; 


cases 
(Jaswon et al. 
Lee et al. 2006). 


3.1 Vesicoureteric Reflux 

Many series have shown that two-thirds of neo- 
natal VURs (mainly grades I-II) are likely to 
resolve or at least to improve during an observa- 
tion period of 2 years (Fig. 13). Therefore, once 
the anomaly is detected, the patient is given pro- 
phylactic antibiotic therapy (in cases of high- 
grade VUR) and followed clinically or by 
imaging as described above. In some circum- 
stances, another therapeutic approach (surgery or 
endoscopic injection of bulging agents) should 
be proposed: in the case of breakthrough infec- 
tion despite therapy, if there is failure to thrive, or 
if continuing the treatment is problematic for the 
family (Herndon et al. 1999; Burge et al. 1992; 
Bouachrine et al. 1996; Assael et al. 1998; Ismaili 
et al. 2006; Van Eeide et al. 2007) (see chapters 
“UTI and VUR” and “Vesicoureteric Reflux”). 
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Fig. 13 Spontaneous resolution of VUR. (a) At birth, bilateral grade IV VUR. (b) At age 10 month, no VUR 


anymore 


Fig. 14 Partial 
resolution of left UPJ 
obstruction. Transverse 
scan of the left kidney. 
(a) At birth, dilated 
pyelocalyceal system. 
Renal pelvis measures 
27 mm. (b) At age 6 
months, the renal pelvic 
dilatation has diminished 
to7 mm 


3.2 Pelvi-ureteric Junction (PUJ) 


Obstruction 


The therapeutic management of PUJ obstruction 
has been even more controversial than for 
VUR. Advocates and opponents of neonatal sur- 
gery have published large amounts of scientific 
material that shows opposite or contradictory 
results. For some, early surgery is safe and 
improves renal function notably. For others, the 
PUJ obstruction has been present for a long time, 
and there is only a faint chance of improving the 
condition by surgery, especially since the 
dilatation itself may resolve spontaneously 
(Fig. 14). Others suggest operating only those 
patients who would show functional deteriora- 
tion. Finally, some suggest following renal 


growth on US and operating when the contralat- 
eral kidney displays compensatory growth. 

On the basis of all the data accumulated, con- 
servative management seems the most adequate 
in mild or moderate cases. Clinical status, renal 
anomalies, and renal function must be monitored 
closely. Regular US examinations should be per- 
formed (every 6 months, during the first 2 years; 
every year later — possibly with standardized and 
comparable hydration). In most cases, the dilata- 
tion will be stable or even resolve. Surgery must 
be proposed if clinical symptoms appear or if 
renal function and/or cortical transit deteriorate. 
In rare and severe cases, spontaneous resolution 
is less likely to occur and symptoms related to 
abdominal discomfort are more frequent. For 
such patients, surgery may be beneficial even 
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Fig.15 Resolution of 
left megaureter, sagittal 
scan of the bladder. 

(a) At birth, the dilated 
left ureter measures 

14 mm diameter. (b) At 
age | year, the ureter 
measures 7 mm 


without other signs of deterioration (Docimo and 
Silver 1997; Duckett 1993; Capolicchio et al. 
1999; McAleer and Kaplan 1999; Chertin et al 
1999; Salem et al. 1995; Thorup et al. 2003). 


3.3 Ureterovesical Junction (UVJ) 


Obstruction 


Like VUR, UVJ obstruction has shown great 
potential for spontaneous resolution, probably 
because of the maturation of the UVJ (Fig. 15). 
Therefore, after completion of the initial work-up, 
a prophylactic antibiotic therapy should be started 
and the urinary tract monitored by US (possibly 
with standardized and comparable hydration and 
bladder filling) and eventually functional isotope 
studies (or fMRU). US may underestimate the 
drainage impairment, especially since the renal 
pelvis may not be dilated. Therefore, before con- 
firming complete resolution or before surgery par- 
ticularly inamore complex anatomy, morphological 
assessment of the urinary tract may be necessary — 
best achieved by MR urography (Baskin et al. 
1994; Liu et al. 1994; Shukla et al. 2005). 


3.4 Multicystic Dysplastic Kidney 


(MCDK) 


Once the diagnosis of a MCDK appears highly 
probable (on the basis of the neonatal US exami- 
nation and on the lack of function demonstrated 
by nuclear medicine studies or MRI), a clinical 
and imaging (US) follow-up is the most widely 
accepted approach. In two-thirds of cases, a 
MCDK diagnosed in utero will involute spontane- 
ously within the first 2 years of life; the involution 


may already start in utero (Fig. 12). Complications 
are very unusual. Only very large MCDKs caus- 
ing abdominal discomfort and without resolution 
on follow-up examinations will require surgical 
removal (Hrair-Georges et al. 1993; Rabelo et al. 
2006; Aslam and Watson 2006). 


3.5 Complicated Duplex Kidneys 

In case of complicated duplex collecting systems, 
one of the aims of imaging will be to differentiate 
between an ectopic ureteral insertion and an ecto- 
pic ureterocele. An extravesical ectopic ureter 
insertion with a functional upper renal pole will 
lead to the reimplantation of the ureter (with or 
without modeling) in the bladder or its anastomosis 
into the lower renal pole ureter. A nonfunctioning 
upper pole with an extravesical ectopic ureter will 
bring us to an upper pole heminephrectomy and 
ureterectomy by lomboscopy in case of significant 
renal pelvis dilatation or infection. An extravesical 
or an obstructive ureterocele will be punctured or 
unroofed by cystoscopy before the child is dis- 
charged from the maternity hospital (Fig. 4). In 
case of a pyelonephritis, depending of the renal 
moieties function and/or if there is a VUR, an upper 
or lower heminephrectomy with ureterectomy will 
be proposed or the removal of the ureterocele and 
the reimplantation of both ureters (Uphadhyay 
et al. 2002; Husman et al. 1999; Blyth et al. 1993). 


3.6 Nephropathies 

Congenital nephropathies will be managed indi- 
vidually; the work-up and follow-up are tailored 
case-by-case and will depend upon the clinical 
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Fig. 16 Evolution of ADPKD.US of the right kidney. (a) At birth. (b) At age 5 years, first cysts are visible 


presentation. Some patients will have signs of 
renal failure directly at birth, while for others the 
renal failure will develop progressively later in 
childhood or even only during adult life. Some 
patients will display only renal symptoms; for 
others, other organs and systems may be involved 
(the brain, pancreas, liver, etc.). For the latter, 
complementary examinations will be necessary 
(MRL CT, etc.). 

In most cases, US will be sufficient for the 
follow-up (Fig. 16). Still, imaging will have to be 
adapted to the type and degree of the anomaly 
(Avni et al. 2006, 2012). 


Take away 

US is the main imaging technique that will 
be used for diagnosis and the follow-up of 
all uro-nephropathies. Depending on clini- 
cal and biological data, the management 
will be adapted. If necessary, MRI and iso- 
topes will be used to provide anatomical 
and functional information. 


Conclusions 

US is the cornerstone of the work-up of 
congenital uropathies at birth and during 
follow-up. The use of other techniques will 
depend on the US findings at birth. MR 
imaging and isotopes will help to deter- 


mine the anatomy and the function of the 
urinary tract. Apart from acute conditions 
requiring immediate treatment, the thera- 
peutic approach to congenital uropathies is 
less and less surgical. Prophylactic antibi- 
otic therapy may be initiated at birth in 
severely dilated cases. 
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1 Introduction 


The absence of the abdominal musculature, uri- 
nary tract dilatation, and bilateral undescended 
testis is known as prune belly syndrome (PBS) 
(Eagle and Barrett 1950; Greskovich and Nyberg 
1988; Williams 1982). The classical syndrome 
is also known as triad syndrome, Eagle-Barrett 
syndrome, or abdominal muscular deficiency 
syndrome. There is a broad spectrum of malfor- 
mations with severe dilatation of the urinary tract 
as a consequence of aplasia of the musculature. 


5 Mamageme ntl... ...eesssescsseeeesseeeseseecsseeeseeenees 487 The pathogenetic mechanism is different from 
6 Other Syndromes Associated with that of dilatation as a consequence of supra- or 
Urinary Tract Malformations.................0..... 488 infravesical obstruction. Some patients with 
RGLOR NCS isi incared riniavaciemanieanaile 4gg Prune belly syndrome have a real obstruction, 
such as urethral aplasia with oligohydramnios 
syndrome. The prognosis of the malforma- 
tions depends upon the degree of renal dyspla- 
sia (Rohrmann and Duckett 2011). There is no 
consensus as to the pathogenesis of this complex 
abnormality, although most investigators con- 

sider prune belly syndrome a distinct entity. 
Unfortunately, the term prune belly syndrome is 
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be avoided. Furthermore, diagnosis of severe uri- 
nary tract anomalies with oligohydramnios by pre- 
natal ultrasound often results in termination of 
pregnancies (Hoshino et al. 1998). In these cases 
the typical pathology of prune belly syndrome has 
not always been demonstrated sufficiently. 

More than 100 years ago, Parker (1895) reported 
on a male newborn infant with a parchment-thin 
and flaccid abdominal wall with marked underde- 
velopment of both the oblique and transverse 
abdominal muscles and a marked hypertrophy of 
the bladder with dilatation of the ureters and renal 
pelves. Obstructing urethral lesions were absent 
and the testes were undescended. Osler (1901) 
described a similar pathology in a 6-year-old child 
and likened the appearance of the abdominal wall 
to a wrinkled prune. The persistent use of this met- 
aphor led to the unfortunate term prune belly syn- 
drome for patients with this abnormality. 

Eagle and Barrett (1950) reported urethral 
obstruction in five out of nine cases, and surgeons 
began to try correction of urologic abnormalities. 
Through the 1970s urologists experimented with 
detailed reconstruction of the enlarged urinary 
collecting system, the abdominal wall, and the 
undescended testes. Poor results and the lack 
of evidence of intrinsic urinary tract obstruc- 
tion in many cases favored a more conservative 
approach. Up to now results have not demon- 
strated an obvious benefit for either method. 


2 Pathology 


The incidence of prune belly syndrome is 1 out 
of 40,000 live births with a male predominance 
of 97%. By definition affected females cannot 
have the complete triad, and the urologic mani- 
festations may often be less severe. In females, 
anomalies of the urethra, uterus, and vagina are 
usually present (Reinberg et al. 1991). Most cases 
occur sporadically, although familial occurrence 
has been described (Ramasamy et al. 2005). In 
selected cases, an association with trisomies 13, 
18, and 21 has been reported. 
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Fig. 1 Clinical presentation of abdominal muscular defi- 
ciency syndrome (prune belly syndrome) 


The appearance of the abdominal wall is 
caused by a muscular deficiency (Fig. 1). In severe 
cases, muscle fibers are absent and replaced by a 
thick collagenous material. In many, but not all 
cases, the abdominal wall is simply a cosmetic 
problem. Urinary tract pathology is highly vari- 
able with ureteric dilatation, megacystis, and dila- 
tation of the prostatic urethra. The anterior urethra 
may be dilated, resulting in a megalourethra, and 
the prostate is hypoplastic. A urethral stenosis or 
atresia is seldom present. The ureters are dilated, 
elongated, and tortuous and may show obstruc- 
tion at the level of the pelviureteric or the vesico- 
ureteric junction (Wheatley et al. 1996). 

Renal involvement ranges from near-normal 
kidneys to a severe degree of dysplasia with 
primitive ducts in embryonic mesoderm, cysts, 
and metaplastic cartilage. Severe renal dysplasia 
may resemble type II cystic kidneys according to 
Potter (1972), but also small kidneys with 
subcortical glomerular and tubular cysts as a con- 
sequence of urethral obstruction have been 
reported, as seen in type IV cystic dysplasia. 
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3 Pathogenesis 


Two main mechanisms have been proposed in the 
pathophysiology of prune belly syndrome: firstly, 
a primary defect of abdominal wall mesoderm 
formation during early embryogenesis and, sec- 
ondly, overdistension of the abdominal wall and 
urinary tract as a consequence of severe bladder 
outlet obstruction. Despite extensive study of 
clinical and autopsy cases, no single theory can 
satisfactorily explain the entire spectrum of the 
prune belly syndrome. 


3.1 A Primary Defect in Mesoderm 


Formation 


A primary defect during the embryonic forma- 
tion of the mesoderm may affect the muscles of 
the developing abdominal wall and urinary tract 
as well as the renal and prostatic primordia. 
Comparison of the bladder, urethra, and genital 
tract of specimens of patients with prune belly 
syndrome and of posterior urethral valves 


Normal 

Anterior 

posterior 

view 

Sagittal 

view 
Prostatic 
hypoplasia 


Fig. 2 Comparison between normal anatomy, prune 
belly pathology, and urethral valve pathology in anterior- 
posterior and sagittal view. Note the enlarged trigone in 


Prune belly syndrome 


revealed differences in the pathologic anatomy 
(Stephens and Gupta 1994; Workman and Kogan 
1990). The seminal ducts and vesicles and the 
prostatic glands were abnormal in the prune 
belly syndrome specimens and normally devel- 
oped in the posterior urethral valve specimens. 
Figure 2 illustrates the different pathologies. 
This major difference points to a primary defect 
of the mesoderm formation in prune belly 
syndrome. 

Bladder histology of fetuses with prune belly 
syndrome and no evidence of obstruction showed 
thin bladder walls with increased connective tis- 
sue. However, fetuses with posterior urethral 
valves or with prune belly syndrome and evi- 
dence of urinary tract obstruction had increased 
bladder muscle thickness (Popek et al. 1991). 
These results suggest that the phenotypic appear- 
ance of the prune belly syndrome may result 
from a mesenchymal defect, but urinary tract 
obstruction may contribute. Chest wall anoma- 
lies, gut malrotation, and orthopedic malforma- 
tions are secondary to the abdominal wall defect 
or oligohydramnios. 


Urethral valve pathology 


Sphincter 


Sphincter internus 


internus 


both pathologic conditions, whereas the detrusor muscle 
is thin in prune belly syndrome and hypertrophied in valve 
pathology (Modified from Sigel and Résch 1993) 
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3.2 A Primary Defect Leading 


to Urethral Obstruction 


The basis of the theory of primary obstruction is 
the existence of a lesion at or distal to the pros- 
tatic urethra producing back pressure into the 
fetal urinary tract. Compression of the prostatic 
primordia may prevent normal development, and 
the prostatic urethra dilates. Gross distension of 
the bladder causes abdominal distension and 
degeneration of the abdominal wall muscles. The 
distended bladder prevents access of the testes to 
the inguinal canal. 

Obstructive lesions exist in a considerable 
number of patients, although the proof of an 
urodynamically significant obstruction is diffi- 
cult. As documented in twelve studies compris- 
ing 151 patients mainly studied postmortem, 84 
had obstructive urethral lesions (Wheatley et al. 
1996). If the theory of urethral obstruction as a 
primary defect in prune belly syndrome is correct, 
the timing and severity of the obstruction must be 
distinct from other obstructive uropathies, par- 
ticularly from posterior urethral valves. 

The common observation of an urachal diver- 
ticulum or patent urachus points to possible dam- 
age from high pressure in the urinary tract before 
the 15th week of gestation when the urachus 
closed. At that time urine production in the glo- 
merular tissue has started. The first nephrons form 
at about 8 weeks after conception, and the human 
embryo produces urine from the twelfth week of 
gestation. Distension of the urinary tract at 13-15 
weeks gestation may induce degenerative changes 
of the abdominal wall and urinary tract. 

Significant high pressure in patients with pos- 
terior urethral valves occurs later when urine is 
excreted in large amounts. At that time the ura- 
chus is closed, and prostatic development and the 
abdominal wall are normal. 


Take Away 

Prune belly syndrome is the combination 
of the absence of the abdominal muscula- 
ture, urinary tract dilatation, and bilateral 
undescended testis as a consequence of 
aplasia of the musculature. 


G. Staatz and W. Rascher 


4 Clinical Presentation 
and Diagnosis 


Diagnostic criteria of the prune belly phenotype are 
wrinkled skin, thinness, and laxity of the abdomi- 
nal wall (Fig. 1) in the absence of palpable testes. 
Urinary tract abnormalities are demonstrable only 
by diagnostic procedures, e.g., ultrasonography 
(US), and vary widely in appearance and severity. 


4.1 Obstetric Ultrasound 


and Antenatal Diagnosis 


To date, prenatal US screening has resulted in the 
identification of increasing numbers of patients 
with suspected prune belly syndrome (Yamamoto 
et al. 2001). However, it is difficult to define reli- 
ably whether urinary tract dilatation during 
gestation is associated with true prune belly syn- 
drome. It is even more difficult to decide whether 
severe obstruction is present that will interfere 
with normal renal development. Obstetric US is 
unable to give reliable information on functional 
renal tissue and glomerular and tubular renal 
function. Whether prenatal vesico-amniotic 
shunting is beneficial remains to be shown despite 
positive case reports (Biard et al. 2005). 
Reduced urine production with early and per- 
sistent oligohydramnios (e.g., before 20 weeks of 
gestation) is strongly associated with an adverse 
outcome (Moore et al. 1989). Fetal compression 
due to a deficiency in amniotic fluid results in a rec- 
ognizable constellation of clinical findings, includ- 
ing skeletal abnormalities, characteristic facies, 
pulmonary hypoplasia, and perinatal death due 
to respiratory insufficiency (Potter’s sequence). 
When this complication (severe persistent oligo- 
hydramnios) occurs before 24 weeks of gestation, 
it is associated with pulmonary hypoplasia. A defi- 
ciency in amniotic fluid prevents normal fetal lung 
expansion. Prognosis is poor if oligohydramnios 
occurs during early gestation (Mandell et al. 1992). 
Although normal fetal kidneys can sometimes 
be identified by US in the 16th week of gestation, 
the adrenals are large and may be a source of mis- 
interpretation. After 32 weeks of gestation, both 
kidneys can usually be visualized during mater- 
nal US. The fetal bladder can be seen between 12 
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and 15 weeks gestation, when active urine pro- 
duction begins. The cyclical increases in size and 
emptying can often be seen during an examina- 
tion. Repeat examinations will demonstrate ade- 
quate bladder filling. 

The key problem in pre- and postnatal US 
examinations is the limited information about 
renal function and urodynamics. There is no 
question that the experienced investigator is able 
to define anatomical details of urinary tract anom- 
alies reliably. The term prune belly syndrome is 
frequently used for prenatally diagnosed severe 
urinary tract malformation that resulted in ter- 
mination of pregnancy, although the pathologic 
examination is incomplete, particularly due to 
lack of histologic examination of the prostate 
(Cazorla et al. 1997; Hoshino et al. 1998). 

Fetal urinary indices, e.g., sodium, creatinine, 
microproteins, etc., are not precise predictors of 
subsequent renal function. Therefore, they are not 
helpful in the prediction of renal function after birth. 


4.2 Postnatal Diagnostic 


Approach 


As with other fetal urinary tract anomalies detected 
prenatally, suspected prune belly syndrome should 
be monitored by US, and delivery should be car- 
ried out at a center where expert neonatal, nephro- 
logic, urologic, and pediatric radiological 
experience is available. The first postnatal physi- 
cal examination clearly shows absent abdominal 
muscle wall (prune belly) syndrome (Fig. 1). 
Ultrasound often suggests, in addition to the 
clinical examination, the diagnosis of prune belly 
pathology, but complementary radiological and 
radionuclide imaging is necessary to rule out a 
significant obstruction that will have to be cor- 
rected surgically. Radiological diagnostic proce- 
dures are rarely an emergency. Urine output and 
micturition can be monitored clinically, and serial 
determination of serum creatinine is important to 
assess renal function. Serum creatinine at day 
1 represents the serum creatinine of the mother 
and falls to normal values of less than 0.3 mg/dl 
within 14 days. If serum creatinine remains high 
or rises, renal insufficiency can be diagnosed. 
After peaking between | and 2 weeks of age, 
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serum creatinine may fall in the case of adequate 
urine production. If the serum creatinine level 
remains high under stable conditions, it indicates 
the degree of renal dysplasia. 

4.2.1 Renal and Urinary Tract 
Ultrasonography 

After the physical examination has been com- 
pleted, US should be performed. A realistic inter- 
pretation of an US examination is important since 
it provides only anatomic information: dilatation 
of the urinary tract is not necessarily induced by 
obstruction, particularly in patients with prune 
belly syndrome. 

In typical prune belly syndrome, the kidneys 
show various degrees of dysplasia, cystic dilata- 
tion of the calices, and dilated, enlarged, and tor- 
tuous ureters (Fig. 3). 

In addition to dilatation of the renal pelvis and 
the ureters, bladder filling and bladder wall thick- 
ness can be determined by US (Fig. 3). Bladder 
outlet obstruction is usually associated with 
thickened and hypertrophied bladder wall. 
Perineal ultrasound may be helpful in case of 
associated VACTERL for the evaluation of ano- 
rectal malformation. 


4.2.2 Voiding Cystourethrography 

The first additional radiological examination per- 
formed in patients with prune belly syndrome 
should be voiding cystourethrography (VCUG), 
an investigation that is independent of the degree 


Fig.3 Ultrasonographic demonstration of a large bladder 
(HB) with thin bladder wall and a dilated tortuous ureter 
in a l-year-old infant with prune belly syndrome 
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Fig.4 Voiding cystourethrogram in an infant with prune belly syndrome. (a) High-grade VUR into the enlarged ureter; 
(b) a wide bladder neck as a consequence of an open internal urethral sphincter 


of renal function and gives valuable information 
regarding the lower urinary tract (bladder out- 
flow) and whether vesicoureteric reflux (VUR) is 
present. 

Since megacystis can be expected in patients 
with prune belly syndrome, the investigator 
should be prepared for a large bladder volume 
(Fig. 4). A persistent urachus may be seen, and 
the bladder typically empties slowly and incom- 
pletely. Bilateral VUR is commonly observed. 
The prostatic urethra is often dilated and presents 
in a V-shaped manner, and the prostatic utricle 
may be opacified. 

With the combination of US and VCUG, 
adequate morphologic evaluation of the kidneys 
and collecting systems shortly after birth is pos- 
sible and permits appropriate management to be 
instituted immediately (e.g., suprapubic drainage 
if urethral obstruction is present). Because of the 
high risk of urinary tract infection, antibiotic pro- 
phylaxis should be given at the time of the diag- 
nostic procedure. 


4.2.3 Dynamic Renography 
Further imaging may be planned when the neo- 
nate is stable, and clinical and laboratory findings 
have been evaluated. Since normal renal function 
is necessary for further diagnostic procedures, it 
should be done only after the end of the neonatal 
period (after 4 weeks of age). 

Dynamic renography with 99 m technetium- 
mercaptoacetyltriglycine (°™Tc-MAG3) is gen- 


erally characterized by a continuously rising 
curve reflecting poor drainage of the kidney if 
a dilatation of the collecting system exists. In 
this condition furosemide should be adminis- 
tered (diuretic renography), which increases 
urinary flow and may distinguish between good 
and impaired drainage (for further details, see 
chapter “Diagnostic Procedures: Excluding MRI, 
Nuclear Medicine and Video Urodynamics’’). 

The dynamic renogram is only of diagnostic 
value if glomerular renal function is normal 
and both kidneys appear normal on US evalua- 
tion. It is important that dynamic renography 
is performed with an empty bladder to exclude 
an obstruction at the ureterovesical junction. 
Therefore, in infants the use of an indwelling 
bladder catheter that is not clamped is required. 
Adequate hydration is necessary to yield a 
reliable examination (Rascher and Rösch 
2005). 


4.2.4 Static Renal Scan 
The *™Tc-dimercaptosuccinic acid (DMSA) 
scan, as a Static renal scan, binds to functioning 
proximal tubular cells and indicates functioning 
renal parenchymal mass. This scan has an 
important role in identifying small, poorly func- 
tioning or nonfunctioning dysplastic kidneys 
and in obtaining information about split renal 
function. 

In the newborn period, the °"Tc-DMSA scan 
is characterized by high background activity and 
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relatively low fixation of the isotope in the renal 
tubules, but valuable evidence of differential 
function between the two kidneys can still be 
obtained during the first months of life, particu- 
larly after the first 4 to 6 weeks. 


4.2.5 Intravenous Urography 
Intravenous urography (IVU) has been previ- 
ously used for further evaluation of prune belly 
syndrome, but nowadays it should be replaced 
by magnetic resonance urography (MRU). 
Magnetic resonance urography is superior to 
the conventional IVU in many aspects, particu- 
larly in evaluating renal parenchymal disease, 
for assessment of ureteral anatomy and ureteral 
orifice, and for evaluation of poorly functioning 
renal systems (Riccabona et al. 2002). If MRU 
is not applicable or available, IVU is helpful 
to assess renal dysmorphy and ureteric pathol- 
ogy, which is typically characterized by bilateral 
hydroureteronephrosis in children with prune 
belly syndrome. 

Intravenous urography should not be per- 
formed in newborns within the first 4 weeks of 
life, because of the risk of contrast nephropathy, 
and not in children with impaired renal function. 


4.2.6 Computed Tomography 
and Magnetic Resonance 
Imaging 

Computed tomography is usually not indicated 
in children with prune belly syndrome. Magnetic 
resonance urography is the imaging modality 
of choice for the cross-sectional assessment of 
upper urinary tract dilatation in children (Nolte- 
Ernsting et al. 2003; Riccabona 2004; Grattan- 
Smith and Jones 2006). The combination of 
heavily T2-weighted (static) MRU and dynamic 
contrast-enhanced (excretory) T1-weighted 
MRU after administration of gadolinium and 
low-dose furosemide provides accurate anatomic 
information and functional information such as 
renal transit time or differential renal function 
(Rohrschneider et al. 2002; Grattan-Smith and 
Jones 2006; Boss et al. 2014) (for further details, 
see Sect. 2 in chapter “Diagnostic Procedures: 
Excluding MRI, Nuclear Medicine and Video 
Urodynamics’’). 


Take Away 

Postnatal physical examination with wrin- 
kled skin, thinness, and laxity of the 
abdominal wall in the absence of palpable 
testes in combination with US and other 
radiological demonstrations of the massive 
urinary tract dilatation (VCUG, MRU) 
establishes the diagnosis of prune belly 
syndrome. 


5 Management 


Treatment of prune belly syndrome is primarily 
conservative, and surgical management is seldom 
required. When obstruction is absent, the goal of 
treatment is the prevention of urinary tract infec- 
tion. When obstruction of the ureters or urethra 
can be demonstrated or is strongly suspected, 
temporary drainage procedures, such as pyelos- 
tomies or vesicostomies, may help to preserve 
renal function until the child is old enough for 
reconstructive surgery. 

Chronic renal failure is mostly due to the 
accompanying renal dysplasia and the deleteri- 
ous effects of acute pyelonephritis that has been 
diagnosed and treated too late. Since massive 
bladder distension and megaureter often promote 
urinary tract infection, antibiotic prophylaxis is 
often logical and highly effective. Conservative 
management is more efficient than an extensive 
and aggressive surgical approach such as urinary 
diversion or ureteric remodeling (Burbige et al. 
1987; Rohrmann and Duckett 2011). Current 
practice is to correct the cryptorchidism surgi- 
cally. Orchidopexy in these children can be quite 
difficult and is best accomplished at the end of 
the first year of life. Reconstruction of the 
abdominal wall may offer cosmetic and func- 
tional benefits. 

The prognosis depends on the degree of pul- 
monary hypoplasia and renal dysplasia. Up to 
one-third of children with prune belly syndrome 
are stillborn or die in the first few months of 
life as a consequence of pulmonary hypoplasia. 
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However, early termination of pregnancies 
with severe prune belly pathology will reduce 
the proportion of patients with this syndrome 
and particularly reduce those cases with a poor 
outcome. 

Of the long-term survivors, one-half will 
develop chronic renal failure from dysplasia or 
complications of infection or reflux, and 15 % of 
all children with PBS will require renal trans- 
plantation (Seidel et al. 2014). The results of 
renal transplantation in these patients are favor- 
able (Fontaine et al. 1997; Fusaro et al. 2004). 


Take Away 

Management of prune belly syndrome is pri- 
marily conservative (prevention of urinary 
tract infection, treatment of chronic renal fail- 
ure when present). Surgical procedures are 
required only when obstruction is present. 
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6 Other Syndromes Associated 
with Urinary Tract 
Malformations 


There are various other syndromes, which are 
affecting the urinary tract. Often syndromic cys- 
tic renal disease is present, but also other urinary 
tract malformations can be associated with 
syndromic disease. For many of them, the respec- 
tive gene defect has been described (Table 1): 

In syndromic CAKUT, structural and func- 
tional malformations of the urogenital system 
are associated with other congenital abnormali- 
ties, for example, of the central nervous system, 
whereas in nonsyndromic CAKUT, only the 
urogenital tract is affected. A typical example 
for systemic malformations is the well-known 
VACTERL association. Details of the various 
changes resemble the individual malforma- 
tion as detailed in the respective chapters, with 
the same implications on imaging workup and 
follow-up. 


Table1 From Rosenblum ND. Overview of congenital anomalies of the kidney and urinary tract [CAKUT] UpToDate®, 


Wolters Kluwer 


Alagille syndrome JAGGED] Cystic dysplasia 
Apert syndrome FGFR2 Urinary tract dilatation 
Bardet-Biedl syndrome BBS1 Cystic dysplasia 


Beckwith-Wiedemann syndrome 


Dysregulation of imprinting in 
chromosome 11, p15.5 


Medullary dysplasia 


Branchio-oto-renal syndrome (BOR) 


EYAI, SIX1, SIX5 


Unilateral/bilateral agenesis/ 
dysplasia, hypoplasia, collecting 
system anomalies 


Campomelic dysplasia SOX9 Dysplasia, hydronephrosis 
Fraser syndrome FRASI Agenesis, dysplasia 
Hypoparathyroidism, sensorineural GATAS Dysplasia 

deafness, and renal anomalies (HDR) 

Kallmann syndrome KALI Agenesis 

Ulnar-mammary syndrome TBX3 Dysplasia 


Meckel-Gruber syndrome 


MKS1, MKS3, NPHP6, NPHP8 


Cystic dysplasia 


Nephronophthisis CEP290, GLIS2, RPGRIP1L, Cystic dysplasia 
NEK8, SDCCAGS8, TMEM 67, 
; TTC21B 
Okihiro syndrome SALL4 Unilateral agenesis, VUR, 
malrotation, cross-fused ectopia 
Pallister-Hall syndrome GLI3 Agenesis, dysplasia, urinary tract 
dilatation 
Renal coloboma syndrome PAX2 Hypoplasia, VUR 
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Table 1 (continued) 


‘Renal hypoplasia, isolated 


BMP4, RET, DSTYK 


Hypoplasia, VUR; DSTYK 
mutations also associated with 
UPJO 


Renal tubular dysgenesis 
AT1 receptor 


Renin, angiotensinogen, ACE, 


Tubular dysgenesis 


Rubinstein-Taybi syndrome CREBBP Agenesis, hypoplasia 
Simpson-Golabi-Behmel syndrome GPC3 Medullary dysplasia 
Townes-Brocks syndrome SALLI Hypoplasia, dysplasia, VUR 
Zellweger syndrome PEXI Cystic dysplasia 
Smith-Lemli-Opitz syndrome DHCR7 Renal hypoplasia, cysts, and aplasia 


UPJO = pelviureteric junction obstruction 
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for good purposes (The RIVUR trial investigators 
2014; Garin et al. 1998; Hellström and Jacobsson 
1999; Jakobsson et al. 1999; Ismaili et al. 
2006a, b). 

VUR results from the lack of a normal valve-like 
mechanism of the vesicoureteric orifice (Thomson 
et al. 1994) (see also chapter “UTI and VUR”). 
Many factors contribute to the competence of the 
vesicoureteric orifice, e.g., the location of the orifice, 
the normal renal function with downhill diuresis, and 
the hydration of the patient. Refluxing ureters often 
have a larger diameter, and the ostium is at a more 
lateral or caudal position. Furthermore, the compe- 
tence of the vesicoureteric junction is also influenced 
by the length of the intravesical segment of the ure- 
ter: a shorter distance is likely to result in 
VUR. Primary VUR occurs mainly in neonates and 
in infants, whereas secondary VUR results from or is 
associated with various uro-nephropathies. It occurs 
more often in school-age girls. The exact prevalence 
of VUR in healthy children is unknown but appar- 
ently is between 1 and 2% (Verrier-Jones 1999). 


2 Diagnosing VUR 
2.1 Voiding Cystourethrography 
(VCUG) 


To date, voiding cystourethrography (VCUG) is 
the central method for the initial diagnosis of 
VUR in children with UTI (or for workup of an 
antenatal diagnosis of fetal uropathy) (Fernbach 
et al. 2000). The method allows the detection of 
VUR, its precise grading, and the detection of 
intrarenal reflux. Grading of VUR is based on the 
work of the International Reflux Study Group and 
includes VUR from grade I-V (Table 1) (Figs. 1, 
2, 3, 4, 5, and 6) (Lebowitz et al. 1985). VURs of 
higher grades are associated with a greater degree 
of dysplasia/reflux nephropathy. Also, higher 
grades of VUR tend to resolve more slowly than 
milder grades of VUR. A special aspect of VUR, 
the intrarenal reflux, occurs more often at the 
upper and lower poles of the kidney and at com- 
pound papillae (Fig. 4). It is related to the particu- 
lar anatomy of the medulla—calyceal complex in 
these poles that renders intrarenal reflux more 
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Table 1 VUR grading 


Grade | Findings 

Grade I | VUR limited to the ureter 

Grade II | VUR up the renal cavities without 
| dilatation 

Grade II | VUR into the renal cavities inducing 
dilatation and eversion of the calyces 

Grade IV | Moderate-to-marked dilatation of the 
ureter and pyelocalyceal system 

“Grade V | Marked tortuosity and dilatation of the 


ureter and pyelocalyceal system 


prone to occur and scars more likely to develop 
(Ransley and Risdon 1975; Rolleston et al. 1974). 

VCUG is also useful as it provides a simulta- 
neous evaluation of the bladder and urethra. The 
demonstration of voiding dysfunction, bladder 
wall thickening, or diverticula may help to char- 
acterize and understand certain types of VUR 
(Fotter et al. 1986; Koff 1992). Urethral obstruc- 
tion, whatever its origin, may also be associated 
with secondary VUR (Fig. 7). The drawbacks of 
the method are that the procedure is invasive, 
necessitating bladder catheterization or puncture, 
and that it is an irradiating technique. Fortunately, 
the newer pulsed fluoroscopy cystographic tech- 
nique reduces the radiation dose almost as low as 
radionuclide studies (ovarian dose 0.017- 
0.052 mGy, mean dose: 0.029 mGy) (Kleinman 
et al. 1994; Hernandez and Goodsitt 1996). 

Another limitation of the technique is that 
conventional VCUG underestimates the occur- 
rence and degree of VUR. Cyclic filling of the 
bladder has been shown to improve the detection 
rate of VUR by 3 % in a second and up to 18 % in 
a third filling. This is of particular interest in neo- 
nates or in other patients with low vesical capac- 
ity (Fig. 8) (Gelfand et al. 1999; Papadopoulou 
et al. 2002; Riccabona 2002). 

Pitfalls of VCUG include underestimation of 
the degree of VUR in case of reflux into an already 
dilated and obstructed ureter (refluxing megaure- 
ter) or when VUR and ureteropelvic obstruction 
coexist (Bomalaski et al. 1997); due to the 
obstruction, the refluxing urine may not reach the 
pyelocalyceal system (see below). Finally, reflux 
of contrast into the vagina during the micturition 
phase of the VCUG is commonly observed and 
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Fig. 1 VUR grading 


Fig. 2 VCUG: left VUR grade I 


should not be regarded as a sign of ectopic inser- 
tion or of fistula (Fig. 9) unless the refluxed con- 
trast fills a distended vagina or unless there is no 
clear separation between the vagina and urethra. 
In such cases a variant of urogenital sinus must be 
suspected (Lebowitz and Avni 1980). 


2.2 Direct Radionuclide 


Cystography (DRNC) 


Even if DRNC lacks resolution, this approach is 
attractive since it delivers a lower radiation dose 
than pulsed fluoroscopy VCUG or continuous 
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Fig.3 VCUG: bilateral VUR grade II 


fluoroscopy VCUG (Lee et al. 2006a, b; Ward 
et al. 2008) (see also chapter “Nuclear Medicine”). 

DRNC requires bladder catheterization as 
well. Still, numerous studies have demonstrated 
that DRNC is more sensitive than VCUG in 
detecting VUR (Dalirani et al. 2014). This is not 
surprising: VUR is intermittent, and DRNC, by 
allowing an uninterrupted image registration dur- 
ing a longer duration, detects a higher number of 
reflux episodes. DRNC is however less sensitive 
in detecting intrarenal reflux and grade I VUR 
(Mozley et al. 1994; Unver et al. 2006); it does 
not provide anatomical information about the 
bladder or urethra (Fig. 10). 
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Fig. 4 VCUG: bilateral VUR grade III with left intrare- 
nal reflux 


~ 


Fig.5 VCUG: Bilateral VUR grade IV 


The unquestionable indications of DRNC are 
the follow-up of patients with previously known 
VUR and the screening of siblings of patients 
with VUR as VUR may be present in 25% of 
these siblings (Wan et al. 1996; Fettich et al. 
2003; Piepsz and Ham 2006). 


Fig.6 VCUG: bilateral VUR grade V 


Fig. 7 VUR and PUV. VCUG, micturition phase, show- 
ing typical PUV associated with left grade IV VUR 


2.3 Indirect Radionuclide 
Cystography (IRC) 


In IRC, the isotopic tracer is injected intravenously 
in the framework of the measurement of the sepa- 
rate kidney functions; the presence of VUR is 
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Fig.8 Cyclic VCUG. (a) 
No VUR is demonstrated at 
the first filling. (b) Left 
grade III/IV VUR appears 
during the third filling 


Fig. 9 VCUG (voiding phase): retrograde filling of the 
vagina 


evaluated on the late micturition phase of the pro- 
cedure (Fig. 11) (see also chapter “Nuclear 
Medicine”). This technique presents several advan- 
tages over the direct procedures: it is noninvasive 
and more physiological. However, IRC does not 
study the bladder-filling phase nor it images the 


495 


micturition phase; the method misses VUR in a 
significant number of children: a negative exami- 
nation can therefore not exclude VUR (De Sadeleer 
et al. 1994); moreover, performing IDRC is possi- 
ble only in children who are toilet trained, i.e., over 
3—4 years of age (Gordon et al. 2001). 


2.4 Ultrasound 

Ultrasound (US) has gained popularity for the 
evaluation of the urinary tract in children. It is 
easily performed, and, since it is a non-irradiating 
technique, it is well accepted by the parents. 
Because the patients are small, high-resolution 
transducers can be used and the urinary tract is 
nicely displayed (see also chapter “Diagnostic 
Procedures: Excluding MRI, Nuclear Medicine 
and Video-Urodynamics”’). 

The role of the technique for screening patients 
at risk of having VUR has been very controversial. 
Many authors suggest that conventional US in no 
way replaces VCUG in patients at risk; for these 
authors, US detects only 25—45 % of patients with 
VUR (Di Pietro et al. 1997; Zerin et al. 1993). 
Unfortunately most of these studies underestimate 
the value of US because they rely on the presence 
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Fig. 10 Indirect cystogra- 
phy performed after the end . 
of the renogram; right VUR ~ 
during the micturition 
phase 


sė 
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Table 2 US signs that can be associated with VUR 


Renal pelvic dilatation 

Variable dilatation 

Ureteral dilatation 

Calyceal dilatation 

Loss of corticomedullary differentiation 
Signs of dysplasia 

Pelvic and ureteral wall thickening 
Hyperechoic medulla 

Color Doppler turbulence in dilated ureters 
Enlarged bladder 


of urinary tract dilatation as the only sign of 
VUR. Many other US signs have been described 
in association with VUR (Table 2) and should be 
looked for (Avni et al. 1997; Hiraoka et al. 1994; 
Hiraoka et al. 1997; Tsai et al. 1998). Renal pelvis 
dilatation is certainly an important sign of VUR, 
but the problem is also to determine the degree of 
dilatation that should be considered abnormal: 
7 mm in the newborn and 10 mm in older children 
seem to be a good cutoff for diagnosing dilatation 
(Stocks et al. 1996; Marra et al. 1994; Walsh and 
Dubbins 1996). The detection of calyceal or ure- 
teral dilatation is an important supplementary 
finding, and both have been shown to be associ- 
ated with VUR (Newell et al. 1990; Leroy et al. 
2010). A varying dilatation of the pelvis is sugges- 
tive of VUR (Fig. 11). The lack of corticomedul- 
lary differentiation is also commonly associated 
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with VUR (Figs. 12 and 13). These signs, as well 
as an overall increased cortical hyperechogenicity, 
could result from high intravesical pressure and 
ischemic damage, which lead to glomerular isch- 
emic damage and renal dysplasia (Hulbert et al. 
1992). Small kidneys or renal cortical thinning, 
features of renal dysplasia, may also be associated 
with VUR and with high pressure damage already 
in utero (Gobet et al. 1999). Another interesting 
US sign that can be associated with VUR is pelvic 
and ureteral wall thickening (Fig. 13). The sign is 
not specific as it can be encountered in cases of 
UTI, renal transplant rejection, as well as postop- 
eratively. Yet once the other etiologies such as 
postoperative status are excluded, a VCUG seems 
justified (Robben et al. 1999). Finally, ureteral 
dilatation has been shown to be the most accurate 
sign predicting VUR (Leroy et al. 2010). Using all 
these US data, one should be able to detect 
65-85 % of patients with VUR and particularly 
the high-grade cases (I-V) (Avni et al. 1997; 
Tsai et al. 1998; Hiraoka et al. 1997). 

Color Doppler sonography (CDS) has been 
proposed as an adjunct to conventional US for the 
detection of VUR. First, the visualization of the 
ureteric jet by means of color Doppler US was 
thought to mean there was no VUR (Salih et al. 
1994). Although it might be interesting to local- 
ize the ureteric orifices (Strehlau et al. 1997), 
other studies did not confirm this hypothesis. The 
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Fig. 11 Direct cystogra- 
phy: left VUR during both 
the filling and the 
micturition phases 


Fig. 12 US anomalies in case of VUR. 
(a) Transverse scan of the right kidney: 
small kidney and thickening of the renal 
pelvis wall (arrow). 

(b) VCUG demonstrating a right grade 
IV VUR 


Fig. 13 US anomalies in case and 
VUR: varying renal pelvic dilatation. 
Transverse scans of the right renal 
pelvis. (a) With a full bladder, the renal 
pelvis measures 7 mm. 

(b) After micturition, the dilatation 
increased to 13 mm 
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Fig. 14 Simultaneous dual imaging of the bladder during filling, saggital baldder view. Echogenic contrast filling the 
bladder is better seen on contrast-specific mode (on the right) than on conventional gray-scale imaging (on the left) 


Fig. 15 VUR grades II-III 
on the left kidney on sagittal 
view of a 5-year-old girl. 
Refluxing contrast micro- 
bubbles slightly dilate the 
left ureter (arrowhead) 

and the major calyces 
(arrow), better seen on 
contrast-specific imaging 
(on the right) 


use of CDS for the demonstration of VUR in 
dilated ureters has also been reported with VUR; 
the refluxing urine displays different colors 
related to the variable direction of flow. 
Unfortunately this can only be obtained when the 
ureters are dilated (Matsumo et al. 1996). 


2.5 Contrast-Enhanced Voiding 


Urosonography (ce-VUS) 


During the last two decades, contrast-enhanced 
voiding urosonography (ce-VUS) has emerged 
as a sensitive and radiation-free imaging modal- 
ity for the detection and follow-up of VUR in 
children (see also Sect. 4.2). The examination is 
performed with US and introduction of micro- 
bubble-containing US contrast agents in the 
bladder through a catheter (Fig. 13). During fill- 
ing and voiding, the bladder, ureters, and kid- 
neys are continuously monitored for possible 
VUR detection. During voiding the urethra is 


imaged through a perineal or lower abdominal 
approach for any structural abnormalities such 
as posterior urethral valves or stenosis. The diag- 
nosis of VUR is made when echogenic micro- 
bubbles are seen entering into the ureters and 
renal collecting systems (Fig. 14) (Darge et al. 
1998). More detailed description of the method 
can be found in the chapter on “Diagnostic 
Procedures: Excluding MRI, Nuclear Medicine 
and Video-Urodynamics”. On ce-VUS, VUR 
can be graded in five grades in a similar manner 
as on VCUG (Darge and Troeger 2002). 
Intrarenal reflux can also be clearly seen with 
contrast-specific imaging mode (Figs. 15 and 
16). The diagnostic accuracy of ce-VUS with 
first- or second-generation ultrasound contrast 
agents has been assessed in many comparative 
studies with VCUG or RNC and found high in 
almost all (Darge et al. 1999; Berrocal et al. 
2005; Mentzel et al. 1999; Vassiou et al. 2004; 
Ascenti et al. 2004; Darge et al. 2005; Kis et al. 
2010; Papadopoulou et al. 2012). 
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Fig. 16 Grade IV reflux on sagittal view of the left kid- 
ney in a 4-month-old girl. The significantly dilated ureter 
(measured 9 mm between the crosses) and pelvi-calyceal 
system are better seen on contrast-specific imaging (on 


Fig. 17 Urethral imaging during voiding on ce-VUS. 
Normal female urethra (arrow) of a 4-month-old girl is 
imaged through abdominal approach 


The increasing awareness of the radiation 
risks in the pediatric population has resulted 
in the worldwide acceptance of the ce-VUS as 
an alternative option in VUR imaging and has 
been incorporated in imaging recommenda- 
tions by the Uroradiology Task Force members 
of the European Pediatric Radiology Society 
(Riccabona et al. 2008; 2012). Moreover, the 
availability of more stable second-generation US 
contrast agents and the advances in US technology 
with the development of contrast-specific imag- 
ing modes resulted in progressive improvement 
of ce-VUS’s diagnostic accuracy both in VUR as 
well as in urethral morphology imaging (Figs. 16 


the right). Intrarenal reflux is also clearly seen in the 
parenchyma (arrow) on the middle part of the left kidney 
during the second cycle of ce-VUS 


and 17) (Papadopoulou et al. 2006; Duran et al. 
2009). Due to its complete lack of radiation, the 
examination can be performed in more than two 
or three cycles resulting thus in a higher depic- 
tion rate of intermittent VUR compared to con- 
ventional imaging methods, especially in young 
infants (Papadopoulou et al. 2006). On top of 
that, ce-VUS with ultrasound contrast agents 
has a favorable safety profile reported in several 
studies (Riccabona et al. 2012; Duran et al. 2012; 
Papadopoulou et al. 2014). Disadvantages of the 
method are that catheterization is still required 
and that US contrast agents are not yet available 
or approved for pediatric use in all countries. 


2.6 MR Urography 

Intravenous urography (IVU) should no longer 
be performed for the anatomical (or functional) 
assessment of the urinary tract damaged by 
VUR. Instead, MR urography (MRU) should be 
performed whenever necessary and available 
(Koyicigit et al. 2014) (see chapter “MR of the 
Urogenital Tract in Children” for details). 

On MRU, several features may suggest VUR 
in patients examined for other urological reasons: 
the discovery of a small irregular kidney, thinned 
parenchyma, dilated and clubbed pyelocalyceal 
system, and dilatation of the ureters without 
obstruction (Fig. 18). Conversely, whenever such 
findings are encountered, a VCUG should be 
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Fig. 18 Fetal reflux nephropathy. MR urography shows a 
small left kidney in a 2-month-old baby boy with VUR 
(SPIR T2 sequence) 


performed in order to confirm the presence of 
VUR. It is worth noting that massive VUR 
occurring during an MR urography may fill the 
renal cavities. Therefore, a catheter might be 
introduced into the bladder prior to an MRU per- 
formed in a patient with known high-grade VUR 
(Lebowitz and Avni 1980). 


Take Away 

VCUG, using the newest pulsed fluoroscopy 
technique, is the most suitable technique for 
characterizing VUR with all important ana- 
tomical features additionally allowing for a 
panoramic overview. US, with all its poten- 
tial applications, should be utilized as a 
screening method in patients at risk. Ce-VUS 
and isotopic cystographies should be used as 
follow-up techniques but may be considered 
as a first-line investigation in females poten- 
tially complemented by VCUG. 
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3 Detection of VUR: 
Circumstances 

3.1 Postnatal Workup of Antenatally 

Diagnosed Fetal Uropathies 


Antenatal diagnosis of fetal anomalies by 
obstetrical US has led to the detection of an 
increasing number of fetal uro-nephropathies. 
The attitude toward antenatally diagnosed 
uropathy has now been standardized (see chap- 
ter “Upper Urinary Tract Dilatation in 
Newborns and Infants and the Postnatal Work 
Up of Congenital Uro-nephropathies”), leading 
to increased detection of VUR (Avni et al. 
1998; Zerin et al. 1993; Van Eerde et al. 2007; 
Lee et al. 2006a, b; Ismaili et al. 2006a, b; 
Riccabona et al. 2008). Furthermore, VCUG is 
performed selectively in the neonatal period 
based on obstetric US findings if confirmed on 
neonatal US. 

Primary VUR is demonstrated more and more 
frequently and has become one of the leading 
causes of neonatal urinary tract dilatation (Zerin 
et al. 1993). Noteworthy, making a precise diag- 
nosis of VUR in utero is more difficult, unless 
variability of the pelvic dilatation is observed 
during the obstetrical US examination (Hiraoka 
et al. 1994; Walsh and Dubbins 1996); another 
circumstance under which VUR is directly diag- 
nosed in utero is the so-called megacystis-mega- 
ureter association (see below). 

Perinatal VUR differs notably from VUR 
detected in older children, which occurs mainly 
in girls. Among patients with perinatal VUR, 
two groups are encountered: a group with mild 
VUR and usually normally functioning kidneys 
and a second group with severe VUR into mas- 
sively dilated ureters, which is associated with 
renal damage at birth (the so-called fetal or con- 
genital reflux nephropathy) (Fig. 19). This has 
led to the CAKUT concept (congenital anoma- 
lies of the kidneys and urinary tract) describing 
the association between renal dysplasia and 
hypoplasia with urinary tract malformation 
(Najmaldin et al. 1990; Anderson and Rickwood 
1991; Yeung et al. 1997; Ismaili et al. 2006a, b). 
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Fig. 19 Massive right grade V VUR in a baby boy. The 
renal function was impaired 


The first type of VUR is often an incidental 
finding during neonatal VCUG; it is encoun- 
tered equally in girls and boys. The second 
most severe type is almost exclusively detected 
in baby boys already during fetal life, and this 
particularity has led to a theory associating this 
frequent occurrence of severe VUR in baby 
boys with a transient fetal bladder outlet 
obstruction (Avni and Schulman 1996; Sillen 
1999a,1999b). Whatever its grade, VUR in chil- 
dren tends to resolve more often than VUR 
detected in older patients. 

3.1.1 Nonneurogenic Bladder- 
Sphincter Dysfunction 

Voiding dysfunctions are another condition in 
which VUR is often detected (see also chapters 
“Non-neurogenic Bladder-Sphincter Dysfunction 
(“Voiding Dysfunction”)? and “Neurogenic 
Bladder in Infants and Children”). Nonneurogenic 
voiding dysfunction is a frequent disorder mostly 
occurring in school-age girls. Most theories 
hypothesize that in such patients, VUR is not 
primary but secondary to the bladder—sphincter 
dysfunction. Treatment of this type of VUR is 
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unsuccessful unless the dysfunction is treated as 
well (Snodgrass 1998; Sillen 1999a). 

Urodynamic studies coupled to a VCUG are 
mandatory for the proper management of severely 
affected patients (Fotter et al. 1986; Sillen 1999a; 
Pfister et al. 1999). On VCUG, the bladder wall 
appears trabeculated and thickened, diverticula 
may be present, the urethra is wide (so-called 
spinning top urethra), and the bladder neck 
appears tightened (Baunin et al. 1993). 


3.2 Urinary Tract Infection 

The relation between VUR and UTI has been 
largely debated (Gordon 1995). It seems that 
UTI does not cause VUR and that VUR does not 
cause UTI (Shanon and Feldman 1990), but the 
prevalence of VUR among children with UTI 
varies between 18 and 35 % (Finnell et al. 2011); 
so, if VUR is present, the risk for recurrence 
of UTI is increased (see also chapter “UTI and 
VUR”) with renal scarring and late renal failure 
as consequences. As VCUG is an invasive pro- 
cedure, important work has been performed aim- 
ing to define groups of children at risk to develop 
renal scars in which performing VCUG would 
be mandatory to choose the appropriate strategy. 
The respective roles of US and Tc”™-DMSA 
scan were studied, but there was an important 
heterogeneity between studies: the age of the 
children and the timing performing either Tc”™- 
DMSA or US or both were different. It is there- 
fore not surprising that conflicting results were 
obtained: while Hansson suggested performing 
VCUG only in patients with Tc?™-DMSA renal 
lesions (Hansson et al. 2004), Hoberman et al. 
concluded that Tc””"-DMSA scan was not use- 
ful (Hoberman et al. 2003). Lee observed an 
important probability of high-grade VUR when 
both Tc”’"-DMSA scan and US were altered (Lee 
et al. 2009), and Bayram et al. showed that, in the 
absence of other risk factors for UTI, the asso- 
ciation of mild Tc?™-DMSA scarring and normal 
US excludes high-grade reflux (Fig. 20) (Bayram 
et al. 2014). Taking into account that patients 
with low-grade VUR have a very low risk for 
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Fig.20 DMSA 

scan — static mode. Three 
incidences are usually 
obtained: left posterior 
oblique (LPO); posterior 
(POST); right posterior 
oblique (RPO). Scars at 
the left external edge of the 
left kidney and at the lower 
part of the right kidney 
(arrows) 


LPO 


renal scarring, several authors suggested that 
antimicrobial prophylaxis would be unnecessary 
in these children (Pennesi et al. 2008; Roussey- 
Kesler et al. 2008; Montini and Hewitt 2009). 
Different guidelines were published (Awas et al. 
2015; Roberts 2011; Subcommittee on Urinary 
Tract Infection, Steering Committee on Quality 
Improvement and Management 2011; Tekgul 
et al. 2012). Some of these recommendations 
are discussed by De Palma et al. (De Palma and 
Manzoni 2013); Springer et al. underline that 
these guidelines, most of which are based upon 
nonstandardized diagnostic procedures, do not 
take into account several parameters such as cost- 
effectiveness and quality of life (Springer and 
Subramanian 2014). Recently a large prospective 
double-blind study including more than 600 chil- 
dren with VUR who received either antimicrobial 
prophylaxis or placebo showed a significantly 
lower risk for recurrent UTI in the treatment 
group (The RIVUR trial investigators 2014; 
Couthard et al. 2008); the authors concluded 
that the “watchful waiting” approach without 
performing VCUG should be questioned. Still, 
the need for performing VCUG in the workup 
of febrile or of recurrent urinary tract infection 
remains controversial. 


33 Familial VUR 

The familial occurrence of VUR may justify the 
use of a screening procedure in order to detect 
affected siblings. For this purpose, US and direct 
radionuclide cystogram or ce-VUS appear to be 
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Fig. 21 Bilateral grade II VUR in a 12-year-old boy 
with neurogenic bladder 


the most appropriate techniques (Heale 1997; 
Fettich et al. 2003). 


3.3.1 Secondary VUR 

As mentioned above, VUR may be associated 
with voiding dysfunction; furthermore, VUR is 
frequently associated with bladder outlet 
obstruction whatever its origin or with neuro- 
genic bladder disorders (Figs. 21 and 22). 
Therefore, a VCUG is the best adapted examina- 
tion for evaluating these patients; furthermore, 
analysis of the micturition phase and evaluation 
of the urethra must be part of every VCUG (Van 
Gool 1995). 
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Fig. 22 Right grade I-IV VUR in an 8-year-old patient 
with neurogenic bladder and ventriculoperitoneal shunt 


Take Away 

VUR is mainly detected during the workup 
of congenital uropathies, UTI, and bladder 
dysfunction. 


4 Particular Presentations 
of VUR 
4.1 VUR and Pelvi-Ureteric 


Junction Obstruction 


The coexistence of VUR and _ pelvi-ureteric 
junction (PUJ) obstruction (PUJO) occurs in 
10-14% of patients undergoing surgery for 
PUJO and in | % of patients in whom VUR is 
detected (Fig. 23). In these patients, proper 
medical management will depend upon the 
accuracy of the evaluation. Imaging has to dif- 
ferentiate between a true PUJO associated with 
VUR (in which case, pyeloplasty should be per- 
formed first) and a pseudo-PUJO secondary to 
severe VUR, in which case ureteral reimplanta- 
tion should be performed first (Bomalaski et al. 
1997). On the VCUG, the VUR may sometimes 
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hardly reach the dilated pelvi-calyceal system. 
In case of complete obstruction, no urine will 
opacify the collecting system, whereas in 
pseudo-obstruction, some contrast will reach 
the dilated pelvi-calyceal system (Fig. 24). In 
such patients, MRU shows at best the obstructed 
PUJ. 


4.2 VUR and UVJ Obstruction 

VUR and obstruction at the ureterovesical junc- 
tion (UVJ) may coexist; therefore, a VCU 
should be part of the workup of every dilated 
ureter. Also, the presence of an obstruction at 
the UVJ may lead to an underestimation of the 
degree of VUR; the refluxing contrast may show 
fluid levels and will dilute within the urine 
already present in the dilated ureter, and it may 
not be detected at all (Fig. 25). Furthermore, the 
VUR may not reach the pelvi-calyceal system 
due to the marked ureteral dilatation. The proper 
surgical management of this association, if indi- 
cated, should include ureteral modeling along 


with reimplantation using an antireflux 
procedure. 
4.3 Reflux and Lithiasis 


The incidence of urolithiasis among patients with 
VUR is approximately 0.5%, whereas the inci- 
dence of VUR among patients with lithiasis is 
about 8%. Any functional or anatomical abnor- 
mality of the urinary tract that favors stasis of the 
urine facilitates the development of lithiasis 
(Fig. 26). Removal of the stone alone or removal 
together with a ureteral reimplantation must be 
discussed case by case (Kraus et al. 1999). 


4.4 VUR into an Unused Ureter 

The normal downhill flow of urine from the kid- 
ney toward the bladder is one of the mechanisms 
preventing VUR. In case of diversion, renal 
transplant, or partial nephron-ureterectomy, urine 
may reflux from the bladder into the ureteral 
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Fig. 23 VUR and PUJO 
on VCUG. (a) During the 
filling phase, the renal 
pelvi-calyceal system 
appears markedly dilated 
compared with the mildly 
dilated ureter. (b) After 
micturition, the pelvi- 
calyceal system remains 
dilated above 

the PUJ 


Fig. 24 VUR and PUJO. Neonatal left PUJO and VUR 
(antenatal diagnosis of UPJ obstruction). The refluxed 
urine merely reaches the dilated pelvi-calyceal system due 
to the severe UPJ obstruction. This could be misdiagnosed 
as grade I 


stump (Cain et al. 1998). It is best visualized on 
VCUG, but the condition may sometimes be 
identified on US (Fig. 27). In most cases, no fur- 
ther complication occurs. Rarely, suprainfection 
may occur, and in such cases, the stump may 
have to be removed or occluded by cystoscopic 
injection of bulcking agents. 
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Fig.25 VUR and UVJ obstruction; at VCUG: left grade 
II VUR; the right VUR is very subtle (arrowheads) 
because of the dilatation and obstruction of the ureter 


4.5 Yo-yo Reflux 

Yo-yo VUR refers to uretero-ureteric or pyelo- 
pelvic reflux occurring into incomplete duplex kid- 
neys. The urine refluxes from one collecting system 
to the other, and surgery, if necessary, must be 
aimed at preventing this passage (Gonzales ). 
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Fig. 26 VUR and lithiasis. 
(a) Plain film of the 
abdomen showing the 
lithiasis. (b) VCUG: left 
grade II 


Fig.27 VUR in unused 
ureter after upper pole 
heminephrectomy and partial 
ureterectomy. (a) On US, a 
dilated blind-ending ureter 
(u) is visualized behind the 
bladder (B); (b) On VCUG, 
reflux into the unused ureter 


4.6 The (So-Called) Megacystis- 


Megaureter Association 


In the megacystis—megaureter association, mas- 
sive bilateral grade IV or V VUR is present. 
During micturition, the bladder empties normally 
through the urethra but also through reflux into 
the ureters (Fig. 28a—d). At the end of micturi- 
tion, the bladder is completely empty, but only 
for a very short time. It refills immediately with 
the refluxed urine; as such, the bladder is never 
really empty, and the volume of urine within the 
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bladder increases continuously. A vicious circle 
begins, and the bladder wall thickens progres- 
sively because of increasing voiding difficulties 
(Willi and Lebowitz 1979; Lebowitz and Avni 
1980). This diagnosis can be made already in the 
fetus: a large bladder and bilateral fetal uretero- 
hydronephrosis are present. In the megacystis— 
megaureter association, the amount of amniotic 
fluid is normal, and this helps to differentiate this 
entity from urinary dilatation secondary to poste- 
rior urethral valves in which oligohydramnios is 
more often present (Mandell et al. 1992). 


Fig. 28 VCUG, megacystis—megaureter association in a 
newborn girl. (a) Prevoiding: bilateral grade IV-V VUR. 
(b) Voiding: normal urethra. (c) Postvoiding: the bladder 


Fig. 29 Grade IV VUR into the lower pole of a right 
duplex system 


4.7 VUR and Duplex Kidneys 

VUR may occur in both moieties of a duplex 
kidney, but it is much more frequent into the 
lower pole (Fig. 29). VUR in duplex systems 
is associated with the more lateral opening of 
the corresponding ureteral orifice. This type 
of VUR may be associated with renal dam- 
age at the corresponding lower moiety (reflux 
nephropathy; see below). Severe VUR into 
the lower pole system may be associated with 
significant urinary tract dilatation, which may 
obscure the presence of a duplex system. VUR 
into a lower moiety has a potential of spontane- 
ous resolution just as VUR can spontaneously 
resolve into a single collecting system (Claudon 
et al. 1999). 
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is almost empty, but the VUR has increased. (d) A few 
seconds later, the bladder has refilled with the refluxed 
urine. (e) At age 2, VUR is still present but has improved 


Fig. 30 VUR into a ureter that inserts at the level of the 
bladder neck 


4.8 VUR into Ectopic Ureter 

VUR into an ectopic ureter that opens into the 
urethra or near the bladder neck may be difficult 
to visualize during a conventional VCUG 
(Fig. 30). Cyclic filling of the bladder helps to 
demonstrate this condition, which is usually, but 
not always, associated with a duplex collecting 
system. A single-system ectopic ureter is usually 
associated with a markedly dysplastic kidney. 


4.9 latrogenic VUR 


Inadvertent catheterization of a ureterocele 
(Ucele) during a VCU may lead to VUR into an 
upper pole of a duplex kidney. Reflux into an 
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Fig. 31 Iatrogenic VUR. VUR into the left upper pole 
has occurred after endoscopic incision of an ectopic 
ureterocele 


upper pole also occurs after endoscopic 
unroofing of an ectopic Ucele (Fig. 31) (Blyth 
et al. 1993). 


4.10 VUR and Bladder 
Diverticulum 


Bladder diverticulum reflects a weakness of the 
bladder wall. Its presence next to a ureteral ori- 
fice may lead to secondary VUR; the ureter is 
progressively included within the diverticulum 
(Figs. 32 and 33). In such a case, VUR will not 
resolve spontaneously and will require surgical 
correction (Blane et al. 1994). 


VUR in case of Other 
Uropathies 


4.11 


Contralateral VUR may be present in about 
10-20 % of patients with multicystic dysplas- 
tic kidney (Fig. 34). VUR is also present in a 


i 


Fig.32 VUR and bladder diverticulum. Bilateral VUR. Left 
grade II; a small diverticulum is also present (arrow) 


Fig.33 VUR and large diverticulum; postvoiding film of 
a VCUG; a large diverticulum is filled along with the right 
grade HI VUR 


significant number of other uropathies, i.e., 
horseshoe kidney, crossed fused kidney, PUJ, 
and UVJ obstruction. Therefore, a VCU should 
be advised for a complete workup in compli- 
cated cases (Atiyeh et al. 1992; Ring et al. 
1993; Song et al. 1995; Avni et al. 1997; Cascio 
et al. 1999). 
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Fig. 34 Right grade II VUR in a case of a left multicystic 
dysplastic kidney 


4.12 Fetal Reflux 

Primary fetal reflux is one of the most common 
causes of fetal renal dilatation. As mentioned 
above, gross dilatation resulting from high-grade 
reflux occurs essentially in baby boys. In utero 
VUR may also be secondary and associated with 
bladder outlet obstruction and especially with 
posterior urethral valves (Kaefer et al. 1995; 
Sillen et al. 1992). 


Take Away 

VUR may be an isolated finding, but it may 
also be encountered in many other circum- 
stances. Its management must be adapted 
to each individual presentation. 


5 Natural History, Treatment, 
and Follow-up of VUR 
5.1 Conservative Treatment 


For years, the proper treatment of VUR has been 
controversial, and attitudes have varied (Weiss 
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et al. 1992; Smellie et al. 1992). Antenatal diag- 
nosis of VUR in asymptomatic patients has 
brought dramatic modifications in the manage- 
ment of VUR. In infants, several retrospective 
and prospective studies have shown the potential 
for spontaneous resolution of a large number of 
primary VURs (Assael et al. 1998; Yu et al. 1997; 
Ismaili et al. 2006a, b). Among infants, VUR 
tends to resolve or at least to improve markedly 
in 75 % of the patients within 2-3 years; higher 
grades of VUR (grades IV—V) resolve to a lesser 
extent than VUR of low or moderate grades (I- 
II) (Fig. 28e) (Herndon et al. 1999). 

Following all the data that has been accumu- 
lated, the presently accepted attitude tends much 
more toward medical than surgical management 
of VUR. Patients with high-grade VUR (I-V in 
boys, IV—V in girls) are placed under prophylac- 
tic antibiotherapy and followed, clinically and 
with imaging, up to the moment they are toilet 
trained. Renal growth can be monitored by US 
every 6-12 months; if needed renal function is 
controlled by Tc”"-ECD or Tc”™-MAG3 used 
simultaneously with Cr-EDTA. 

The same scheme can be applied to VUR into 
both moieties of the duplex collecting system or 
into the lower pole of a duplex system. 

After that the patients are toilet trained and if 
no complication has occurred, no further fol- 
low-up is needed (Robinson et al. 2014; Springer 
and Subramanian 2014; Arlen et al. 2015; Hari 
et al. 2015). 

In older children, the attitude must be adapted 
to the previous history of the patient and to the 
clinical data. Medical treatment should be favored 
as much as possible. However, recurrent UTI, 
poor renal growth, and poor social environment 
would be arguments toward proposing an alterna- 
tive treatment. Whenever a voiding dysfunction 
is also present, resolution of the VUR will be 
achieved only if the voiding anomaly is managed 
at the same time (Sillen 1999a). 


5.2 Surgical Treatment 


As mentioned above, surgical treatment of VUR 
should be considered whenever conservative 
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treatment has not been successful or cannot be 
conducted satisfactorily. This includes patients 
in whom decreasing renal function is observed, 
patients presenting recurrent UTI under correct 
antibiotic therapy, and patients whose family 
members are unable to follow the conservative 
treatment. The presence of bladder diverticula 
would also require surgical treatment of 
VUR. In all patients with secondary VUR, 
proper management of the anomaly that has 
resulted in VUR should be considered before 
treating the VUR (Jodal et al. 1999; Jodal and 
Lindberg 1999). 

US is usually sufficient for the postsurgical 
follow-up and demonstrates well the ureteral 
reimplantation; immediate postoperative dilata- 
tion is almost always present but usually tran- 
sient. In any abnormal clinical course or if the 
dilatation increases, MRU may be necessary for 
the proper management of the patients in order to 
exclude hematoma or urinary leakage (Rypens 
et al. 1992). 


5.2.1 Endoscopic Treatment 

The injection under the ureteral orifice bulking 
agents has been proposed as an alternative to 
surgery. The results in terms of short-term VUR 
resolution are similar to the success rate of 
surgery. 


Fig.35 Injection of antireflux bulcking material on US — 
transverse scan of the bladder. Echoic nodules are visible 
at both UVJ with acoustic shadowing 
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Injections should be proposed to non-resolving 
low-grade VUR associated with recurrent UTI. 

The paste injected under the ureteral orifice 
is well demonstrated on US studies (Fig. 35). 
US studies are also helpful in order to demon- 
strate the rare cases of complications (persisting 
obstruction). In long-term studies, granuloma-like 
masses can be found on US studies; they appear as 
highly dense nodules on CT (Rypens et al. 1992; 
Liackgren et al. 1999; Schulman et al. 1990). 


5.3 Complications of VUR 

The aim in detecting VUR and initiating rapidly a 
prophylactic treatment is to prevent long-term 
complications (Arant 1991; Olbing et al. 1992; 
Bailey et al. 1992; Goldraich and Goldraich 1992; 
Merrick et al. 1995). This topic has been and 
remains controversial. The main concern remains 
understanding the factors that lead to the develop- 
ment of renal scars, the so-called reflux nephropa- 
thy (RN), and preventing complications such as 
renal hypertension, complicated pregnancies, renal 
failure, and finally end-stage renal disease (Jungers 
et al. 1996). The role of imaging is first to detect all 
patients at risk (having VUR or congenital dilating 
uropathies) and then those that have already devel- 
oped RN (Jakobsson et al. 1999; Gordon 1995; 
Caione et al. 2004). 


Take Away 

VUR tends to resolve spontaneously in a 
large number of patients; therefore, a con- 
servative treatment of VUR is preferable. 
Follow-up is achieved by US, isotopes, and 
optimized VCUG. 


5.4 Fetal Reflux Nephropathy 

It was long thought that renal scars occur only 
following a UTI. The antenatal diagnosis of 
fetal uropathies has revealed that renal damage/ 
dysplasia already exists at birth with no relation 
to UTI. In utero, VUR has deleterious effects 


510 


on renal parenchyma, probably due to back- 
ward high pressure. This leads to reduced renal 
growth (Najmaldin et al. 1990). Many of the 
kidneys with fetal RN already show reduced 
function on isotopic studies in the neonatal 
period (Assael et al. 1998). On imaging, the 
kidney appears small and irregular with a corti- 
cal thinning (Fig. 18). The pyelocalyceal sys- 
tem may be dilated and clubbed. The presence 
of fetal RN may explain why patients with con- 
genital uropathies that are protected by prophy- 
lactic antibiotic therapy nevertheless progress 
toward renal failure (Mana et al. 2004; Caione 
et al. 2004; Gobet et al. 1999; Stock et al. 
1998). 


5.5 Imaging RN 
and the Progression of Renal 


Disease 


DMSA scanning is considered as the gold stan- 
dard technique for the demonstration of RN 
lesions. DMSA has the advantage of being a low- 
irradiating technique with a high rate of detec- 
tion of late sequelae (Fig. 20). However, it brings 
no information on the pelvi-calyceal system. It is 
less accurate in case of poor renal function. US 
can demonstrate the typical lesions of RN: corti- 
cal thinning and irregularities (Fig. 37). However, 
compared to DMSA, US is not accurate enough 
for assessing the number and extent of renal 
scars (Stokland et al. 1999). Another difficulty 
for US is to differentiate scars from fetal lobula- 
tion and interrenicular fat deposition. The role of 
US is mainly to monitor renal growth. MR urog- 
raphy can also display the parenchymal lesions 
(Koyicigit et al. 2014) (Fig. 18). 

MRU has been shown to demonstrate RN. The 
technique appears accurate for demonstrating 
both the scars and the pelvi-calyceal system 
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(Figs. 35, 36, and 37a). The technique could 
develop as the gold standard once it becomes 
more accessible (Chan et al. 1999). Some patients 
with RN may progress toward renal failure, 
as progressive glomerulosclerosis and fibrosis 
develop in the damaged kidney (Matsuoka et al. 
1994; Bernstein and Arant 1992). Compensatory 
hyperfiltration may occur in less damaged areas, 
detectable on US studies as diffuse or localized 
cortical hyperechogenicity (Figs. 37b and 38) 
(Damry et al. 2005). These areas should not be 
misinterpreted as renal tumors. 


Take Away 

The role of imaging is to detect not only 
VUR but also its complications: reflux 
nephropathy. Presently, DMSA scanning 
and MRU are the best techniques available 
for this purpose. 


Fig. 36 Reflux and UTI nephropathy. An 8-year-old boy 
with long history of VUR and recurring UTI. Sagittal scan 
of the left kidney with irregular thinning of the parenchyma 
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Fig. 37 Reflux nephropathy in a 9-year-old girl with 
known VUR and hypertension. (a) MRU: typical scarred 
kidney and clubbed pelvi-calyceal system (TFE T1 


sequence with gadolinium). (b) US: sagittal scan of the 
right kidney; diffuse hyperechogenicity of the renal cortex 
in association with glomerular hyperfiltration 


Fig. 38 Localized pseudotumoral pattern of glomerular 
hyperfiltration in a case of reflux nephropathy. (a) US: 
transverse scan of the left kidney; hyperechoic ill-defined 
area in the external part of the kidney (marked by arrows). 
(b) MRU: T2-weighted sequence displays bilateral small 


irregular kidneys with distorted pelvi-calyceal systems 
and a “tumoral” appearance of the left kidney. (c) Tc””™- 
DMSA-SPECT-CT: the outer part of the left kidney high- 
lights suggesting hyperfunction 
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Conclusion 


VCUG is the main investigation that can be used 
in order to detect VUR. US is used for monitor- 
ing renal growth and postoperative settings; 
however, ce-VUS is an alternative for detecting 
and documenting as well as grading 
VUR. DMSA scan, at present, and MRU, prob- 
ably more in the future, are used as complemen- 
tary examinations in order to detect the patients 
at risk for further complications. 
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2 Pelvi-ureteric Junction 
Obstruction (PUJO) 


The pelvi-ureteric junction (PUJ) is by far the 
most common site of urinary obstruction in chil- 
dren (see also Chaps. 14, 15, and 26) (O’Flynn 
KJ et al. 1993). When the diagnosis has been 
made antenatally, improvement or resolution of 
the “hydronephrosis” (HN) /urinary tract disten- 
sion/dilatation (UTD) occurs in approximately 
30% of infants (Arnold and Rickwood 1990; 
Freedman and Rickwood 1994) or more. These 
and other considerations have led to a more con- 
servative approach to the surgical management of 
PUJO. Still it is rather challenging to determine 
which cases of fetal UTD are caused by a sig- 
nificant PUJO stenosis which would benefit from 
surgery in contrary to a simple dilatation unlikely 
to cause significant morbidity. The clear indica- 
tions for active intervention are: 


e Impaired renal function. Less than 40 % of the 
differential function in a unilateral lesion is 
the general consensus for surgical interven- 
tion, or deteriorating function during surveil- 
lance; some particularly European centers 
also see a deteriorating obstructive drainage 
pattern on MAG3 diuretic scintigraphy or 
diuretic MR urography as an indication 
(Gordon et al. 2011). 

e Clinical symptoms (pain, infection, hematu- 
ria, etc.) 

e Complications 
hypertension 


such as renal calculi or 


Active intervention usually means surgical 
relief of the obstruction, though there have been 
some reports of successful balloon dilatation of the 
PUJ (Wilkinson and Azimy 1996; Doraiswamy 
1994; McClinton et al. 1993). The usual outcome 
(e.g., of such an experimental balloon dilata- 
tion) in infants who have unilateral obstruction 
and where the function of the obstructed kidney 
is severely compromised at less than 20% dif- 
ferential function is a kidney that still functions 
poorly, though perhaps a little less poorly than 
preoperatively. Sometimes renal function declines 
further despite technically satisfactory surgery, 
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presumably due to significant vascular changes 
intrarenally (Grapin et al. 1990). Functional recov- 
ery is less likely if the affected kidney is small and 
the contralateral kidney has undergone compen- 
satory hypertrophy (Koff and Campbell 1992). 
Percutaneous nephrostomy drainage can be per- 
formed in these patients if infected (otherwise the 
outcome is very poor) and the function reassessed 
after 4-6 weeks (Fig. 1); nephrectomy is usually 
the treatment of choice when the function remains 
poor (Ransley et al. 1990). Percutaneous neph- 
rostomy drainage is also the initial treatment of 
choice in infants who present with a pyonephrosis 
before proceeding to surgical correction. 

Open pyeloplasty is the usual procedure to cor- 
rect pelvi-ureteric junction obstruction (see Chaps. 
14 and 15). Postoperative drainage may be carried 
out by extra-anastomotic drainage, nephrostomy 
with a transanastomotic splint, or a double J pyelo- 
vesical stent — the latter being the presently most 
favored approach in severely dilated kidneys to 
avoid additional parenchymal damage (Fig. 2). A 
nephrostography through the extra- or trans-anasto- 
motic stent drain can be performed approximately 
7-10 days postoperatively to assess satisfactory 
drainage down the ureter prior to removal of the 
drain; an infusion technique can be used with an 
estimated pressure which will also give information 
on the leak pressure (Fig. 3). However, today 
mostly the pyeloplasty catheter is blocked after 
6 days and then removed, if the dilatation remains 
unchanged (documented by US). Nephrostography 
can also become indicated for assessing urinomas 
and extravasation/leakage. Early complications are 
uncommon and usually comprise prolonged uri- 
nary drainage where extra-anastomotic drainage 
has been employed or delayed drainage at the anas- 
tomosis site where a nephrostomy plus trans- 
anastomotic splint has been used though this latter 
technique is outdated. Sometimes dislocation of a 
JJ stent may occur; this can be assessed by US 
(Fig. 4). Persistence of either complication more 
than 2 weeks postoperatively can often be treated 
by retrograde passage of a ureteric catheter. On 
occasions, part of the renal pelvis may be resected, 
and in these patients, a reduction in the size of the 
renal pelvis seen on US does not necessarily imply 
the success of the procedure. In addition, while a 
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Fig.1 (a) US shows very marked UTD with a thin corti- with drainage down the ureter 4 weeks after nephrostomy 
cal rim. (b, c) DSMA renal scintigraphy shows an enlarged drainage. (e) DMSA scan 4 weeks after nephrostomy 
left kidney with very thin rim of functioning renal tissue. drainage. There is an improvement in left kidney function 
The percentage uptake of the radiopharmaceutical on the to 37.91 % 

left side is 19.6%. (d) Nephrostogram outlining a UTD 


Fig. 2 Double J pyelo-vesical stent in position after open pyeloplasty (a) KUB film. (b) US of the bladder with the 
lower end and (c) US of the kidney with the upper end of the JJ stent (arrows) 


520 


postoperative drainage system is in place, obtaining 
pelvi-caliceal width measurements is not an accu- 
rate means of assessing persistent drainage impair- 
ment. The renal calices may remain sonographically 


Fig. 3 Nephrostogram through a nephrostomy catheter 
after pyeloplasty. Contrast flows down the ureter. Trans- 
anastomotic splint in position (arrow) 
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wide for months and years following surgery, 
despite excellent drainage, as they have been dilated 
for a long period of time and may only gradually 
normalize during future growth. 

If significant anastomotic failure is present, ret- 
rograde balloon dilatation (McClinton et al. 1993; 
Wilkinson and Azimy 1996) with insertion of a JJ 
catheter for a longer period or reoperation in rare 
cases is carried out. Neither procedure is advis- 
able before 1 month postoperatively, and in the 
interim, the kidney can — if necessary — be drained 
by percutaneous nephrostomy or if possible by a 
JJ catheter. Rarer postoperative complications 
include urinomas following anastomotic leaks 
and hemorrhagic collections. These can usually 
be monitored with US. As the vasculature of the 
kidney can be variable and anomalous, care must 
be taken during surgery not to damage the blood 
supply — particularly in aberrant (e.g., lower pole) 
vessels causing an extrinsic PUJ stenosis. If this 
is suspected, it can be monitored with US (ampli- 
tude-coded) color and spectral Doppler studies, 
or even contrast-enhanced US (Fig. 4d-f). 

In general, assessment of outcome following 
pyeloplasty is performed at approximately 
6 months following reconstructive surgery. 


Fig.4 (a) US demonstrating marked dilatation of the renal 
pelvis with dilatation of the calyces in a child with pelvi- 
ureteric junction obstruction. (b) US 1 month after open 
pyeloplasty. There was damage to the kidney blood sup- 
ply at surgery. The kidney is shrunken and is replaced by a 
rim of increased echogenicity compatible with calcification 


(arrow). (¢) Plain radiography confirming a shrunken left 
kidney replaced by calcification (white arrows). (d-f) post- 
operative imaging in a child with vascular injury of one of the 
multiple arteries (g gray scale image, h power Doppler image 
that shows the lack of perfusion, and i contrast-enhanced US 
confirms the necrotic, non-perfused area+ ...+) 
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Fig. 5 (a) Right kidney and (b) left kidney outlining 
bilateral UPJO by US. There is dilatation of the calyces 
and renal pelvis on both sides. (c, d) Preoperative Tc 99m 
DTPA scintigraphy showing poor uptake of the radiophar- 
maceutical bilaterally with no significant detectable 
excretion. (e) Right kidney and (f) left kidney after pyelo- 


A significant reduction in the degree of UTD and 
an increase in the parenchymal thickness on US 
are good indicators of successful surgery (Fig. 5), 
but the absence of this finding does not necessar- 
ily indicate a persistent obstruction (Kis et al. 
1998). The use of the IVU to assess postoperative 
relief of obstruction has largely been replaced by 
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plasty. On US there is a significant reduction in the degree 
of UTD and an increase in cortical thickness. (g, h) 
Postoperative Tc 99m MAG 3 renogram 1 year after oper- 
ation. There is improved function in both kidneys, more 
on the right than on the left side, with an improvement in 
excretion 


dynamic nuclear scintigraphy using Tc?" MAG 
3 or functional diuretic MR urography ((MRU) 
(Fig. 5). However, in the presence of massive 
UTD, where there is significantly impaired renal 
function, or following reconstructive surgery, 
scintigraphy may not be reliable (Chung et al. 
1993). There should therefore be close correla- 


522 

tion between the preoperative and postoperative 
studies. A Whitaker test may be necessary to 
confirm or exclude residual obstruction (Kass 
and Majd 1985, Pegolo et al. 2012). In children 
where renal function is impaired postoperatively 
and where early postoperative nephrostograms 
indicate technically satisfactory surgery, reas- 
sessment of function can be deferred for up to 
2 years because functional recovery before this 
time is generally slight. As restenosis may occur, 
these children are usually followed during their 
growth period by annual US exams. Sufficient 
hydration prior to these US examinations is man- 
datory so that re-obstruction is not masked — note 
that US alone based on dilatation measurements 
cannot reliably assess or rule out obstruction and 
functional imaging will be needed for detailed 
assessment if re-obstruction is suspected. 


Take Away 

The outcome in children treated surgically 
for PUJO is best monitored by means of US 
and dynamic radionuclide scintigraphy (or 
increasingly f{MRU). The use of [VU to assess 
postoperative relief of obstruction has largely 
been abandoned, as have postoperative neph- 
rostograms — as the transrenal percutaneous 
drains have been mostly replaced by remov- 
able transureteric pyeloplasty stents. 


3 Congenital Disorders 
of the Ureter 
3.1 Non-refluxing Primary 


Megaureter/Uretero-vesical 
Junction Obstruction (UVJO) 


In this condition, there is an adynamic segment 
of the distal ureter just prior to its insertion into 
the bladder resulting in obstruction to urine flow 
(Hanna et al. 1977). These patients are prone to 
collecting system infection, sometimes with atyp- 
ical bacteria, and even with pyonephrosis. If the 
patient is ill and not responding well to antibiotic 
treatment, a percutaneous nephrostomy catheter 
should be inserted to drain the pus. A functional 
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assessment of the kidney is undertaken in approx- 
imately 6 weeks, and a decision is taken as to 
whether to proceed to nephrectomy or a ureteric 
reimplantation or maybe even just observation. 
If the ureter is very large, a low-end (cuta- 
neous) (loop or Sober) ureterostomy may be 
performed allowing the ureter to decompress 
before carrying out a reimplantation; alterna- 
tively a temporary JJ stent, an endoscopic bal- 
loon dilation, or an endoureterotomy may be 
an option. Like PUJO, management of UVJO 
is often nonoperative initially. One study found 
that 34% resolved spontaneously, 49% per- 
sisted, and only 17 % required a reimplantation 
due to infections or deteriorating renal function 
(Liu et al. 1994). The majority of dilated ureters 
less than 7 mm in diameter resolved, while 50 % 
of those greater than 10 mm were treated with 
surgery. The definite indications for surgery are: 


e Deteriorating renal function on scintigraphy 

e Recurrent urinary tract infections despite anti- 
biotic prophylaxis 

e Pyonephrosis or stones 

e Clinical symptoms 


The surgical treatment involves resection of the 
adynamic distal segment of the ureter with reim- 
plantation of the dilated proximal portion possibly 
following a reduction in the caliber of the ureter by 
tailoring techniques — the technique of hitching the 
ureter onto the psoas muscle so that a long tunnel 
can be obtained which has been abandoned 
because of the secondary J-hook effect causing 
significant long-term problems such as recurrent 
obstruction and bladder function disturbance (see 
also Chap. 15). Any patient who has had a ureteric 
tailoring will most likely have the ureter stented 
and a bladder catheter in position for up to 10 days 
postoperatively. US or plain radiography can be 
performed prior to its removal to check the position 
of the stent (Fig. 6). US is also used to assess the 
degree of dilatation of the collecting system and 
ureter. If a tapering technique has been performed, 
attention should be paid to possible postoperative 
complications such as urinary leak. There is also a 
risk to the blood supply of the distal ureter, which 
results in ischemia and restenosis. After surgery, 
patients usually remain on antibiotic prophylaxis 
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Fig. 6 Plain radiography after ureteric reimplantation. 
There is malposition of the ureteric stent, which lies com- 
pletely in the urinary bladder 


for some time; in some centers a follow-up void- 
ing cystourethrogram (VCUG) is performed to 
exclude VUR. In general, follow-up investigations 
using US and radionuclide imaging are carried out 
between 3 and 6 months after surgery; some cen- 
ters perform a dynamic MRU. 


Take Away 

Postoperative imaging in children with 
UVJ obstruction may include a VCUG to 
rule out VUR. Follow-up US and radionu- 
clide scintigraphy are performed not earlier 
than 4 months after the procedure. 


3.2 Ureteric Duplication, Ureteric 
Ectopia, and Associated 


Anomalies 


Duplication of the renal collecting system and 
ureters is a common variant or anomaly. The 
duplication may range from a bifid pelvis to 
incomplete or complete duplication. Ureteroceles 
are cystic dilatations of the distal segment of the 
ureter. Though they may be associated with sin- 
gle ureter, they most commonly occur at the distal 
end of the upper ureter draining the upper moi- 
ety collecting system in a complete duplication 
(‘“Meyer-Weigert rule” — see Chaps. 7, 9, 14, 24). 
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In most cases, incomplete ureteric duplication 
is an incidental finding. However, it is occasion- 
ally possible that there is “yo-yo” reflux leading 
to stasis and ureteric dilatation. This can lead to 
flank pain and infection. In the rare cases which 
require surgery, the type of operation depends on 
the level of duplication. If this is very low, it may 
be possible to carry out a reimplantation of the 
ureters with separate ureteric orifices into the 
bladder. If the duplication is higher, a high ure- 
teropyelostomy or ureteroureterostomy with 
excision of most of the duplicated ureter is the 
treatment of choice if refluxing; otherwise the 
distal ureter stump is left in place, sometimes 
after cystoscopic injection of bulging agents. 

Management of a refluxing duplicated ureter 
depends on the function of the respective (usually 
lower) moiety. Lower grades of VUR with good 
function may resolve spontaneously as the child 
grows. Higher grades of VUR may benefit from 
reimplantations of the ureter (see Chap. 15). Poor 
function of the lower (or the upper) moiety (less 
than 10% of the individual renal function) is usu- 
ally treated by a hemi-nephroureterectomy. This 
approach to treatment also applies to ectopic ureters. 

The factors taken into account when planning 
treatment of ureteroceles are the renal function, 
the intravesical or ectopic position of the uretero- 
cele, whether there is a single or duplex system, 
the degree of ureteric dilatation, the presence of 
ipsilateral or contralateral VUR, and the degree 
of detrusor covering of the ureterocele. The treat- 
ment of choice for an intravesical ureterocele is 
a small endoscopic incision just above its base 
(Fig. 7) (see Chaps. 14 and 15) (Blyth et al. 1993). 
Using this procedure, the incidence of secondary 
VUR is about 50 %. Other surgical options include 
a nephrectomy for poor function which is a rare 
indication nowadays (Prieto et al. 2009). In some 
centers, this procedure is now performed laparo- 
scopically using either a retroperitoneal or trans- 
abdominal approach (Wallis et al. 2006; Sydorak 
and Shaul 2005). The procedure is safe with a low 
morbidity, but complications have been reported 
which include urine leaks next to the bladder, ret- 
roperitoneal fluid collections, and functional loss 
of the remaining ipsilateral moiety in cases with a 
duplicated kidney; thus, this approach is increas- 
ingly under discussion (Fig. 8) (Wallis et al. 2006). 
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Fig. 7 (a) Right renal US outlining a duplex system. On 
US there is very marked UTD of the upper pole moiety 
with no significant renal cortex. Mild dilatation of the col- 
lecting system of the lower-pole moiety can be seen. (b) 
Post-endoscopic incision of ureterocele US outlines a 
small residual right ureterocele in the posterior bladder 


Fig. 8 US shows a postoperative perivesical urinoma 
after ureterocele unroofing (Courtesy of Riccabona M, 
Pediatric Ultrasound, Requisites, and Applications, p 362, 
Fig. 10.33e, Springer 2014 


Documented persistent symptomatic VUR 
will require reimplantation, and if the ureter 
caliber is very large, a tapered reimplantation 
may be required. If there is ureterocele pro- 


wall (arrow). (c) MAG 3 renogram shows no function in 
the upper pole moiety on the right side. (d) Follow-up US 
after incision of the ureterocele showing a significant 
reduction in the degree of dilatation of the upper pole col- 
lecting system (*, lower-pole moiety between cursors) 


lapse mimicking a bladder diverticulum due 
to poor detrusor covering, this should also be 
repaired (Fig. 9). There are a number of options 
available to treat ectopic ureteroceles with a 
trend in recent years toward more conservative 
management. If the preoperative renal func- 
tional imaging shows poor function of the upper 
moiety of a duplex system with an ectopic ure- 
terocele, its removal with decompression of the 
ureterocele and a staged approach to surgery at 
the bladder level is used in some centers. This 
approach avoids surgery on the ureterocele 
until it has a chance to reduce in size follow- 
ing decompression. This is best assessed using 
US. Currently persistent ipsilateral lower-pole 
VUR is the most common indication for exci- 
sion of the ureterocele and reimplantation of the 
lower-pole ureter using a common sheath reim- 
plantation technique. There are other rarer cases 
where VUR into the ureterocele and upper ure- 
teric stump leads to problems of infection and 
post-micturition dribbling. In these children, the 
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Fig.9 VCUG in a child with bilateral 
duplex systems. (a) There is significant VUR 
into the lower-pole moiety of a right duplex 
system and a right ureterocele obstructing the 
upper pole moiety (arrow). (b) At the end of 
micturition, there is relapse of the ureterocele 
mimicking a bladder diverticulum 
(arrowhead) 


extent of the ureterocele and the ureteric stump 
may be imaged using US and occasionally MRI, 
which has replaced CT for this query if avail- 
able. These patients also require surgery. When 
the upper moiety associated with an ectopic 
ureterocele has sufficient function to require a 
salvage procedure, high ureteroureterostomy or 
ureteropyelostomy may be undertaken if there 
is an extrarenal pelvis or a dilated lower-pole 
ureter. Some surgeons advocate a primary endo- 
scopic incision of the ectopic ureterocele with 
follow-up investigations to see whether the 
upper moiety will regain function — though this 
is a rather old concept — as most upper poles 
are primarily dysplastic and thus do usually not 
regain sufficient function and growth potential. 
However, a secondary surgical procedure for 
persistent VUR is required in approximately 
50 % of these patients (Blyth et al. 1993). As the 
vasculature to the upper moiety is often variable 
and anomalous, the blood supply to the lower 
moiety may be damaged during upper pole par- 
tial nephrectomy. It is also important that the 
entire upper pole calyceal system is excised. 
This procedure, however, may be associated 
with significant blood loss. 

Bladder dysfunction has been reported in 
approximately 6% of children with uretero- 
celes (Caldamone et al. 1984). The fact that 
patients treated with upper tract surgery alone 
have similar rates of incontinence to those who 
undergo additional lower tract surgery sug- 
gests that it is congenital in origin as opposed 
to surgically acquired (Holmes et al. 2002). 
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Children who undergo bilateral ureterocele 
repair have been found to be at increased risk 
for postoperative voiding dysfunction 
(Sherman et al. 2003). 


Take Away 

The treatment of ureteric duplication 
depends on the level of duplication and the 
presence or absence of clinically symptom- 
atic associated VUR. 

The many factors taken into account 
when planning treatment of ureteroceles 
are the renal function, their intravesical or 
ectopic position, whether there is a single 
or duplex system, the degree of ureteric 
dilatation, the presence of ipsilateral or 
contralateral VUR, and the degree of detru- 
sor covering of the ureterocele. 


4 Congenital Anomalies 
of the Urinary Bladder 


Cloacal exstrophy, bladder exstrophy, and epi- 
spadias are developmental abnormalities of 
ranging severity, as a result of disruption of the 
formation and opposition of the pelvic bones, 
the cavitation of the pelvic organs, and the par- 
titioning of the pelvic cavity (see also Chaps. 
19, 21, and 22). Urinary tract diversion using 
an ileal conduit to treat this and other blad- 
der abnormalities is now a practically obsolete 
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procedure. However, children who have had this 
procedure require follow-up imaging studies. 
Yearly US and occasionally MRU (or CT) are 
necessary to detect dilatation due to obstruc- 
tion and calculus disease (Fig. 10). Treatment 
now involves closure of the exstrophied blad- 
der, bladder neck reconstruction, and epispadias 
repair. The upper tracts are usually normal in 
these infants though there is a high primary VUR 
incidence due to insertion pathology aggravated 
by surgery with bladder neck reconstruction; US 


Fig. 10 IVU in a patient with urinary tract diversion 
using an ileal conduit. There is significant right UTD due 
to stone development at the PUJ (arrowhead) 


Fig. 11 (a) Repair of bladder exstrophy in a patient with 
a single left kidney. The patient developed subsequent 
UTD of the single kidney following surgery. (b) This 
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is used for monitoring the urinary tract supple- 
mented by other imaging as individually indi- 
cated — though multiple associated anomalies 
have been described. The main complication 
in these children after surgery is fistulation and 
incontinence — dehiscence of the wound due 
either to excess tension of the abdominal wall, 
infection, or bladder prolapse has become a rar- 
ity. Repeat closure with possible bladder aug- 
mentation is performed, for which a segment 
of ileum or colon is used. Rarely obstruction at 
the UVJ occurs (Fig. 11). A technique of per- 
cutaneous bladder catheterization is possible by 
creating a continent urinary stoma either via an 
appendicovesicostomy (Mitrofanoff stoma) or 
with a tapered ileum (MONTI technique) which 
is the method of choice for patients with chronic 
outlet obstruction or persistent incontinence 
(Mitrofanoff 1980, Monti et al. 1997). Close and 
regular monitoring of the upper tracts using US 
and possibly DMSA scintigraphy is necessary. 


4.1 Congenital Anomalies 


of the Urethra 


The commonest congenital abnormality of the 
urethra is a posterior urethral valve (PUV), which 
may result in the most severe renal disease in 
childhood (see also Chap. 18). This condition 
requires regular follow-up with imaging. 
Antenatal insertion of a double J stent between 
the fetal bladder or dilated collecting system of 


A 


required temporary nephrostomy drainage for relief of 
obstruction. There is narrowing of the distal ureter that 
resolved spontaneously 
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Fig. 12 (a) Infant with posterior urethral valves. There is 
dilatation of the posterior urethra (arrow) and marked 
VUR. (b) Patient developed echogenic area in the lower- 


the kidneys and the amniotic cavity under US 
guidance allows decompression of the urinary 
tract. However, as this procedure is performed 
rather late in pregnancy, its benefit for the kidney 
has not yet been demonstrated; it however may 
enable a better fetal lung maturation. More 
recently, laser perforation of posterior urethral 
valves has been performed using fetoscopy. After 
birth, it is first essential to resuscitate and reas- 
sess the infant as necessary and allow free urine 
drainage, and this is followed by destruction of 
the valves. Urine drainage can be achieved by 
inserting a transurethral or a suprapubic catheter. 
However, a catheter does not always allow com- 
plete drainage of the upper tracts because of the 
increased bladder wall thickness and its poor 
compliance. Patients who have bilateral VUR, 
severe ureter dilatation, poor renal function, US 
evidence of thin renal parenchyma with or with- 
out dysplasia/cysts, and poor renal perfusion on 
(a) CDS are in an unfavorable group and may 
require vesicostomy. If uremia persists and the 
child is severely ill, percutaneous nephrostomy 
may be necessary. Valve destruction is usually 
achieved via retrograde endoscopy using an elec- 
trode or special knives. The use of laser therapy 
and Fogarty balloon catheter ablation has been 
practically abandoned. Post-obstructive diuresis 
or urinary tract infection can occur following 
relief of obstruction and instrumentation 


pole collecting system after valve surgery (curved arrow). 
(c) Stone developed at site of a Candida ball 1 month after 
surgery (open arrowhead) 


(Fig. 12). In most incidences, there is a progres- 
sive improvement in the appearance of the blad- 
der and the upper tracts after complete destruction 
of the valves, though it can take years for the dila- 
tation to reduce. This progress is best monitored 
using US and scintigraphy or possibly MRU 
(McMann et al. 2006) (Fig. 13). VUR, monitored 
using a VCUG or ce-VUS, may disappear if rea- 
sonable renal function is maintained. Dilatation 
of the posterior urethra also resolves with time 
(Fig. 14). However, unilateral VUR may act as a 
pop-off valve and may have a protective effect by 
reducing intravesical pressure (= VURD syn- 
drome) (Narasimhan et al. 2005). Urodynamic 
studies are required, therefore, before consider- 
ing a nephro-ureterectomy or a ureteric reimplan- 
tation in such a patient. Reimplantation in a 
trabeculated bladder is often difficult and unsuc- 
cessful and apparently does not affect outcome 
(Speakman et al. 1987). Endoscopic treatment of 
VUR in these children is also difficult. Persistent 
UTD without VUR may be related to a degree of 
obstruction at the UVJ (Fig. 14). This obstruction 
may be intermittent or permanent. Bladder aug- 
mentation is rarely indicated. It can improve 
capacity and compliance and may relieve UVJ 
obstruction. Incontinence is reported in up to 
38% of boys after treatment of PUV. Despite 
adequate relief of urethral obstruction, urody- 
namic abnormalities such as abnormal detrusor 
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Fig. 13 An infant with posterior urethral valve. (a) 
Marked dilatation of the posterior urethra (white arrow) 
with marked thickening of the bladder wall and a right 
bladder diverticulum. (b) Preoperative sonography of 
right kidney and (c) left kidney demonstrating marked 
bilateral UTD. (d) VCUG at 10 days after valve destruc- 
tion. The urethra is smaller in caliber, and there is good 
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Fig. 14 An infant with PUV. (a) There is marked dilata- 
tion of the posterior urethra and significant bladder wall 
thickening and a large left bladder diverticulum (arrow). 
(b) Five months after valve destruction. There is almost 
complete resolution of the dilatation of the posterior ure- 
thra, and the bladder wall has a much smoother outline. 
There is still a large left bladder diverticulum. (c) Ten 
months after surgery. US shows a significant left UTD and 


function are thought to be responsible for these 
symptoms. Growth problems, renal function 
deterioration, and quite regularly end-stage renal 


urine flow on voiding. There is still marked bladder wall 
thickening with diverticulum formation. (e) Bladder US 
4 months after operation. There is still significant bladder 
wall thickening (arrows). f, g Postoperative US at 
4 months of (f) right kidney and (g) left kidney shows sig- 
nificant improvement in the UTD 
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a dilated ureter. (d, e) Tc 99m DTPA scintigraphy con- 
firms good uptake of the radiopharmaceutical on this left 
side with poor excretion down a dilated ureter. VCUG was 
normal. These appearances are compatible with obstruc- 
tion at the UVJ. (f, g) Four years after surgery, US and 
renography demonstrate complete resolution of the 
obstruction without surgical intervention 


disease can occur at any time during childhood, 
puberty, or even later (see also Chap. 34). 
Therefore, all patients should have at least yearly 
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Fig. 15 (a) Patient with right multicystic kidney and left intrarenal reflux on VCUG. (b) US shows development of 
ureter dilatation after surgery (cursors). (c) Patient also developed subcutaneous collection at wound site (cursors) 


imaging using US for assessment of upper tract 
dilatation and drainage and residual bladder vol- 
ume assessment. Renal functional imaging is 
also necessary using Tc”™ DMSA or MAG 3 
scintigraphy. 


Take Away 

In neonates with PUV, it is essential to resus- 
citate and reassess the child after birth when 
necessary, ensure unhindered urine drainage, 
and destroy the valves. Follow-up in all 
patients should include yearly imaging using 
US to assess upper tract dilatation, bladder 
shape and wall, as well as residual bladder 
volume. Renal functional imaging is also 
necessary, as most of the severe cases inevi- 
tably will progress to end-stage renal failure. 


4.2 Vesicoureteric Reflux 

Management of VUR should help to prevent 
renal damage in urinary tract infections. This is 
usually accomplished by a daily dose of prophy- 
lactic antibiotic therapy to maintain sterile urine, 
although this is increasingly under discussion. 
VUR may resolve or improve in many incidences 
(see Chaps. 13 and 28). Surgical correction 
of VUR may be required with higher grades 
of reflux (grades IV-V) when a child devel- 
ops infections while on prophylactic antibiotic 
therapy, when new or progressive renal scarring 
develops, where long-term antibiotic use is not 


practical for medical or social reasons, or where 
severe VUR persists for years. There are different 
methods (see Chap. 14 and 15). 

Postoperative US demonstrates localized 
thickening of the bladder wall, and follow-up 
US is required early in the postoperative period 
to check the continued correct positioning of 
the uretero-vesical stent (if inserted, eg., after 
Hendren procedure) and to monitor the ureter 
size and exclude the rare complication of steno- 
sis of the distal ureter due to ischemia (Fig. 15). 
Some degree of ureteral distention is a normal 
finding postoperatively, in addition to altered 
ureteral peristalsis as a response to the ureteral 
splint. However, intrarenal dilatation should be 
monitored, and an asymmetric increase of the 
resistive index on Doppler studies may hint at 
acute drainage impairment then usually associ- 
ated with other US signs of acute obstruction 
(but sometimes obscured by the preexisting renal 
parenchymal alterations in reflux nephropathy). 

Submucosal agent injection has become an 
accepted alternative. It reliably prevents VUR 
in lower degrees, but the results are variable in 
higher degrees, and in the severe grades, more 
than one injection may be required. US shows 
the echogenic deposit of the bulking agent at the 
site of the injection adjacent to the transmural 
part of the ureter with varying amount of acous- 
tic shadowing (depends on the material used) 
(Figs. 16 and 6 in chapter “Congenital Urinary 
Tract Dilatation and Obstructive Uropathy’). 
Nowadays, the success of the procedure is fre- 
quently checked intraoperatively by ce-US or 
by fluoroscopy using a cystoscopic injection. 
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Fig. 16 (a) Echogenic area with 
acoustic shadowing at the Teflon 
injection site (arrow); (b) CDS con- 
firms the patency of the ostium/ureter 
in spite of the impressive deposit pro- 
truding into the bladder after bulking 
agent injection; note that the injec- 
tion had been performed on both 
sides in (b) 


As a result, follow-up VUR tests are less often 
necessary, particularly in clinically asymptom- 
atic patients. However, late reoccurrence is more 
common than after open surgery and must be 
kept in mind. 


Take Away 

When surgery is required to treat VUR, the 
method of choice is ureteric reimplantation 
with elongation of the submucosal tunnel. 
Follow-up US is required to check ureteric 
size and the grade of postoperative upper tract 
distension. Submucosal injection of bulking 
agents is increasingly used as an alternative. 


5 Oncological Surgery 


Surgical excision is still the cornerstone of therapy 
for Wilms’ tumor, the most common malignant 
neoplasm of the urinary tract, and rhabdomyosar- 
coma, the most common soft tissue sarcoma in 
childhood, of which 15-20 % arise in the urinary 
tract. Meticulous surgical technique is necessary 
because of the risk of tumor spillage, particu- 
larly with surgery for Wilms’ tumor. In Europe, 
in patients (particularly with advanced) Wilms’ 
tumor disease and in patients with bilateral dis- 
ease, the treatment involves percutaneous biopsy 
for diagnosis (if the diagnosis is not evident) fol- 
lowed by chemotherapy before definitive surgery 
approximately 14 weeks after successful chemo- 
therapy (Dykes et al. 1991; Weiner et al. 1998). 
Tumor can be present in adjacent organs in up to 
17 % of cases. Other authors used a similar regime 
that reduced tumor size and made it less vascular. 
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In some incidences, subsequent partial nephrec- 
tomy was possible. In these series, there was no 
needle track seeding or tumor rupture (Greenberg 
et al. 1991; McLorie et al. 1991). However, con- 
troversy still exists as to the best approach to 
the management of these children with regard 
to neoadjuvant chemotherapy (NWTS, SIOP, 
and UKCCSG protocols — also see Chap. 36). In 
patients with a diagnosis of rhabdomyosarcoma, 
the treatment comprises various combinations of 
chemotherapy, radiotherapy, and surgical resec- 
tion depending on the initial staging of the dis- 
ease. This treatment protocol is determined by 
the Intergroup Rhabdomyosarcoma Study Group. 

Surgical complications encountered in tumor 
surgery involving the genitourinary tract include 
small bowel obstruction diagnosed using plain 
radiography and major hemorrhage for which 
US and CT are useful. Follow-up imaging using 
US and CT or MRI should be performed ini- 
tially at 6 weeks and following this at 3-month 
intervals to assess response to chemotherapy 
and to plan the timing of surgery if required 
(Fig. 17) (see also Chap. 36). Following this, 
imaging, including chest radiography (or in 
newer protocols chest CT), is performed every 
6 months on two occasions and then yearly 
as indicated, to check for tumor resolution or 
recurrence (Fig. 17). 


Take Away 

Postoperative imaging in children follow- 
ing tumor surgery of the urogenital tract is 
performed using US and CT or MRI at time 
intervals dictated by the treatment protocol 
used. 
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Fig. 17 (a) US and (b) CT scan show a large mass aris- 
ing from the right kidney. A Wilms’ tumor was confirmed 
at biopsy. There were also tumor nodules present in the 
adjacent liver. (c) Follow-up US at 6 weeks after chemo- 
therapy shows a residual tumor nodule in the posterior 
aspect of the right lobe of the liver (black arrow). There is 
an area of increased echogenicity with some shadowing in 
a more anterior location in keeping with the development 


6 Renal Stone Disease 


In renal stone disease, surgery is now reserved for 
cases that cannot be managed using extracorpo- 
real shockwave lithotripsy (ESWL), particularly 
where stones are in a difficult location or where 
there is an underlying anatomic abnormality. 
Percutaneous renal surgery and lithotripsy litho- 
praxy are also occasionally used (Papanicolaou 
et al. , Landau 5). Whatever the treat- 
ment, US is used to monitor residual UTD, and 
US complemented by radiography will monitor 
the disappearance of stone fragments from the 
ureter and bladder. Both are also necessary as 


of calcification at the site of a second nodule (curved 
arrow) close to the gallbladder (arrowhead). (d) 
Follow-up US at 2.5 years. There is an area of increased 
echogenicity (between cursors) in the inferior aspect of 
the right lobe of the liver, the site of a previous tumor nod- 
ule. (e) Calcification on plain radiography at two liver 
tumor nodule sites (arrows) 


follow-up investigations to exclude recurrence. 
CT scanning may be helpful in selected cases. 
With ESWL renal injury may occur, and this 
can usually be depicted on US by using addi- 
tional Doppler techniques or sometimes ce-US 


(Fig. 18). 


Take Away 

Whatever treatment is chosen for renal 
stone disease, US and plain radiography 
are used to monitor outcome; only rarely 
repeated CTs are unavoidable. 


M. Riccabona et al. 


Fig. 18 (a) US depicts a huge urinomatous subcapsular 
hematoma after ESWL; (a) a residual calculus can be 
depicted. (b) Contrast-enhanced US demonstrates that the 


Conclusion 

The surgical procedure undertaken to treat 
the various renal tract abnormalities may 
vary from surgeon to surgeon and may also 
depend on the severity of the conditions with 
additional regional differences. These influ- 
ence the complications and the outcome. 
Therefore, knowledge of the exact surgical 
procedure is necessary in most instances prior 
to postsurgical imaging, and close correlation 
with presurgical studies is mandatory. 
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common bacterial infections in childhood, affect- 
ing 8 % of girls and 2 % during the first 8 years of 
life. Up to 6 months of age, the prevalence is 
higher in boys than in girls (see also chapter “UTI 
and VUR”). In school age UTI is two- to fourfold 
more prevalent in girls and up to 5% of all girls 
contract a UTI during their school years 
(Brandstrom and Hansson 2014). 

According to the American Academy of 
Pediatrics, UTI is defined as growth of >10° 
colony-forming bacteria units per millilitre in a 
clean urine specimen. The presumptive diagnosis 
of UTI is often made by microscopic urine analy- 
ses. The most frequent uropathogen is Escherichia 
coli (E. coli), accounting for 85% of all UTIs. 
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Other bacteria accounting for UTI in children are 
Klebsiella, Proteus, Enterobacter, Citrobacter 
and Staphylococcus saprophyticus, and infec- 
tions with the latter agents are referred to as non- 
E. coli UTI (Chakupurakal et al. 2010). The most 
common route of infection is ascending patho- 
gens from the perineal flora. 

The clinical presentation of UTI varies both 
with the severity of the infection and with the age 
of the child. It can either affect the lower urinary 
tract (cystitis) or ascend to involve the renal pel- 
vis and kidneys (pyelonephritis). The clinical 
presentation ranges from asymptomatic bacteri- 
uria or symptoms related to cystitis, like pollaki- 
uria and dysuria or fever and malaise or even 
sepsis. In children under 2 years of age, the clini- 
cal presentation of UTI tends to be non-specific 
and this entity should always be considered in a 
young child presenting with signs of infection or 
malaise without other obvious causes (Tullus 
2011; Yim et al. 2014). 

The risk of renal scarring after the first UTI 
has been reported to be up to 15 % (Shaikh et al. 
2010). In confirmed pyelonephritis renal scarring 
was confirmed by DMSA in up to 40% in some 
studies (Faust et al. 2009). The presence of high- 
grade vesicourethral reflux (VUR) significantly 
increases the risk of renal involvement in UTI 
with subsequent scarring (see also chapters “UTI 
and VUR” and “Vesicoureteric Reflux”). 
However, the outcome of high-grade VUR 
appears to also depend on individual characteris- 
tics of the patients and not so much on VUR 
grade, and renal scarring can even occur in 
patients without demonstrable VUR 
(Wennerstrom et al. 2000; Garin et al. 2007; 
Montini et al. 2008). Important risk factors other 
than VUR for development of pyelonephritic 
scars include urinary tract obstruction, low age, 
recurrent infection with low virulent bacteria and 
bladder dysfunction. 


1.2 The Role of Imaging in UTI 


and Patient Selection 


The imaging and management of children with 
UTI is one of the most controversial areas in pae- 
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diatrics. For decades, children with UTI were 
almost inevitably imaged with intravenous urog- 
raphy and renal technetium-99m dimercaptosuc- 
cinic acid (DMSA) scintigraphy to diagnose and 
localise UTI in the acute phase and, after the 
infection was treated, with voiding cystoure- 
thrography (VCUG) to look for VUR (Tullus 
2013). Now clinical tests have emerged to rela- 
tively high diagnostic accuracy reducing the role 
of imaging in diagnosing UTI. With the new 
identified risk factors and the new knowledge on 
the impact of VUR for renal scarring, the imag- 
ing approach in children after an UTI has also 
changed. The main focus for imaging tests is no 
longer detection and monitoring of VUR but 
rather to focus on the impact of UTI on the kid- 
neys and to detect underlying conditions that 
would make the patient more susceptible for 
renal damage caused by the infection like signs 
of atypical disease, unidentified malformations 
and voiding dysfunction. There has been a shift 
from invasive procedures and investigations with 
a high radiation burden to less invasive and harm- 
less studies where ultrasonography (US) plays 
the major role. 

Numerous studies have tried to define the 
ideal imaging algorithm in UTI. Several new 
recommendations for management and treat- 
ment of UTI, including directions for patient 
selection for imaging tests, have been proposed 
over the last decade in order to reduce unneces- 
sary imaging tests (Fig. 1). All the current guide- 
lines share a more selective approach to imaging 
based on the patient’s age and the clinical pre- 
sentation of the infection. None of the guidelines 
recommend VCUG to be routinely performed in 
all children presenting after the first UTI. The 
American Academy of Pediatrics revised guide- 
lines from 2011 recommend US of the kidneys 
and bladder in all patients under 2 years of age 
(Subcommittee on Urinary Tract Infection 
SCoQI, Management; Roberts 2011). The UK 
National Institute of Clinical Excellence (NICE) 
guidelines from 2007 only recommend routine 
US of all children under 6 months of age (Mori 
et al. 2007). 

The diagnosis of UTI is most often based on 
the clinical and laboratory findings and does not 
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a 
Suspected UTI 


US + aCDS 
especially if severe or in an infant 


Normal+Clinically Normal 7 o Pyo/Hydro- 
cystitis +Clinically Pyelitis/Nephritis nephrosis 
upper UTI 
i 5 : 
DMSA or Follow-up US Consider 
MRI with DWI nephrostomy 
in the acute phase N J 
| ( VUR-evaluation \ 
-always in infants 
-usually if <4years 
(usually if recurrent UTI J 
Normal ra N 
DMSA in 4-6 months 
7 (or MRI) 
( N 
, Bladder function studies 
~<— |f normal<—| Consider repeat (Urodynamics if 
US over 6 years) 
C J 


b 
Responds well to P 
Paice within 48 h Atypical UTI" Recurrent UTI? 
Age <6 months Ultrasound, DMSA, VCUG Ultrasound, DMSA, VCUG 
Age <6 months-3 years Ultrasound and DMSA‘ Ultrasound and DMSA* 


hi >s dik eee ora 


1. Atypical UTI: Non-Escherechia coli UTI: seriously ill, poor urine flow, abdominal or bladder mass, raised creatinine, septicemia, 
failure to respond to treatment with suitable antibiotics within 48 h 


2. Two or more episodes of UTI with acute pyelonephritis/upper urinary tract infection or 
One episode of UTI with acute pyelonephritis/upper urinary tract infection plus one or more episode of UTI with cystitis/lower 
urinary tract infection or Three or more episodes of UTI with cystitis/lower urinary tract infection 


3. If ultrasound is abnormal, consider a VCUG 
4. Consider VCUG if dilatation on ultrasound, poor urine flow, non-E. coli infection, 


family history of VUR 


Fig.1 (a) ESPR/ESUR recommendations for imaging in according to the NICE guidelines. Subcommittee on 
childhood urinary tract infections (Riccabona et al. 2010). Urinary Tract Infection SCoQI, Management, (2011) 
(b) Summary of imaging algorithm in childhood UTI 
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routinely include imaging. However collecting 
urine and interpreting the results can be difficult 
in young children. It may also be challenging to 
differentiate lower urinary tract infection from 
pyelonephritis because the symptoms in this 
patient group may be non-specific (Garin et al. 
2007). Therefore, in selected patients, and pref- 
erably in all infants and neonates, imaging is 
indicated, not just in the follow-up after a UTI 
but also in the acute phase of suspected pyelone- 
phritis to help diagnose and localise the infection 
and to detect underlying malformations of the 
renal tract. 

Once the diagnosis is established, selection 
for further imaging studies is based on the clini- 
cal presentation of the UTI, the patient’s age and 
potential findings on US. The timing of the US 
scan depends on the clinical situation. In patients 
who are severely ill or when there is no substan- 
tial improvement, US is recommended during the 
first 2 days of treatment to identify serious com- 
plications, such as renal or perirenal abscesses or 
pyonephrosis associated with obstructive uropa- 
thy. In children other than neonates and infants, 
imaging is not needed in the acute phase of infec- 
tion if the patient responds well to adequate treat- 
ment. The imaging findings during an acute 
infection can even be misleading because E. coli 
endotoxin can cause relaxation of the muscles in 
the urothelium causing dilatation of the collect- 
ing system, which could be confused with hydro- 
nephrosis, pyonephrosis or obstruction. DMSA 
or MRI in the acute phase to diagnose pyelone- 
phritis in equivocal cases is recommended by the 
European Society for Paediatric Radiology work 
group on urogenital imaging (Riccabona et al. 
2008). This is advocated only as a follow-up 
examination to look for renal scarring by the 
other guidelines. 

The NICE guidelines have the most restrictive 
approach to imaging in UTI, and recent studies 
suggest that a substantive number of children 
with high-grade VUR or other significant pathol- 
ogies may be missed if these guidelines are fol- 
lowed strictly (McDonald and Kenney 2014; 
Ristola and Hurme 2014). Despite all the new 
knowledge and the recent published guidelines, 
the optimal approach to imaging in UTI still 
remains controversial. 
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2 Radiological Examinations 
in UTI and Typical Imaging 
Findings 

2.1 Ultrasonography (US) 


US is always the first, and sometimes the only, 
imaging modality required in children selected 
for further imaging in UTI. US should ideally be 
performed by an investigator experienced in pae- 
diatric US, using an up-to-date protocol for pae- 
diatric imaging (Riccabona et al. 2008; Riccabona 
2015. 

The sonographic signs of acute pyelonephritis 
include focal or general nephromegaly due to 
oedema, focal or general increased echogenicity 
of the renal parenchyma with reduced corticome- 
dullary differentiation. The affected parenchyma 
will have decreased perfusion due to oedema and 
ischaemia and therefore the corresponding 
reduced colour Doppler flow is seen in the 
affected part of the parenchyma. Other features 
such as slightly thickened and hyperechoic uro- 
epithelium in the renal pelvis, mild increased AP 
diameter of the renal pelvis, increased echo- 
genicity of the perirenal fat and sometimes a 
sliver of subcapsular fluid may also be seen 
(Muller 2014; Brader et al. 2008) (Figs. 2 and 3; 
Table 1). Sometimes the urine may be echogenic 
due to pyuria. In a severely ill child with dilated 
collecting system containing echogenic urine 
suggestive of pus (Fig. 4), placement of a neph- 
rostomy tube should be discussed, particularly if 
the child does not respond to treatment within 24 
h. Neither of the sonographic signs of APN are 
entirely specific, and particularly thickening of 
the uroepithelium may also be seen in patients 
with VUR or obstruction; hence the imaging fea- 
tures must of course be correlated with the clini- 
cal picture (Sorantin et al 1997; Riccabona 
2015/2016). 

The most widely accepted role of US in the 
workup for APN is to determine whether there 
is an underlying renal malformation that has 
favoured the UTI. This can normally be done 
in the subacute phase of the infection or elec- 
tively. Dilated collecting systems and the level of 
a potential obstruction are easily seen with US 
if the child is well hydrated. The most common 
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Fig. 2 Ultrasound findings in pyelonephritis include 
focal nephromegaly with increased echogenicity and 
loss of corticomedullary differentiation (arrows) (a). The 


Fig.3 Thickening and increased echogenicity of the uro- 
epithelium (arrow) can be seen in acute pyelitis/ 
pyelonephritis 


malformation is a duplex system, which can nor- 
mally be assessed by US, particularly if dilated. 
Duplex systems can have associated ureteroceles 
and/or VUR. Assessment of the bladder pre- and 
post-micturition to assess the bladder emptying 
and to look for changes in the collecting sys- 
tem pre-/post-voiding should be included in the 
workup. The parenchyma should be carefully 
assessed to reveal signs of renal cystic disease 
or congenital anomalies of the kidneys and uri- 
nary tract (CAKUT). Ultrasound is also useful in 
the assessment of possible complications from 
pyelonephritis like the development of a renal 
abscess. 


affected part of the kidney will show reduced perfusion on 
colour Doppler examination (b) 


Table 1 Signs of acute pyelonephritis on US 


Focal or general nephromegaly 


Focal or general increased or inhomogeneous 
echogenicity 


Loss of corticomedullary differentiation 


Increased perirenal echogenicity 


Increased hilar echogenicity 


Reduced perfusion of the affected area (s) on colour 
_Doppler examination 


Fig. 4 A severely ill child with dilated collecting system 
containing echogenic urine suggestive of pus. There is 
severe pelvicalyceal dilatation and thinning of the renal 
parenchyma (arrowheads). In this setting placement of a 
nephrostomy tube may be indicated. Note the hyperecho- 
genicity inflamed perirenal fat (asterisk) 
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In the follow-up after a pyelonephritis, US can 
be used to look for normalisation of the renal 
parenchyma and the collecting system and for the 
assessment of renal growth (see also below — 
Sect. 3). However, US has a limited usefulness for 
the detection of renal scarring (Sinha et al. 2007). 


2.2 DMSA Static Renography 
Static renal scintigraphy using DMSA ”™TC as 
the tracer is considered as the gold standard for 
the detection of renal involvement in UTI (see 
also chapter “Nuclear Medicine”). The main fea- 
ture of renal involvement is lack of uptake of the 
tracer in diseased areas. This may be localised or 
more diffuse, but is non-specific and can only be 
properly interpreted in context with other ‘ana- 
tomic’ imagings and the clinical information. The 
sensitivity of the technique is over 90%, and it is 
quite specific. DMSA scanning has the disadvan- 
tage of not differentiating old from new lesions; 
hence the interpretation in the acute phase can be 
difficult without a previous examination for com- 
parison (MacKenzie 1996). However the diag- 
nosis of acute pyelonephritis is made based on 
clinical and laboratory data, and DMSA is now 
normally not advocated, hence rarely used, in the 
acute phase of suspected pyelonephritis. 

The main role of DMSA is to monitor the kid- 
neys after the infection. In selected patients (see 


guidelines, Sect. 1.2), a DMSA should be per- 
formed 4—6 months after the acute infection to 
look for signs of nephron loss to identify the 
patients more susceptible to renal scarring from 
acute pyelonephritis, which is the most important 
factor to determine further treatment and prophy- 
laxis for UTI. 


2.3 Magnetic Resonance Imaging 


(MRI) 


MRI has great potential for detecting areas of 
infected renal parenchyma. Both experimental 
and clinical trials have shown a good correla- 
tion between MRI and DMSA scanning for 
the detection of pyleonephritis (Vivier et al. 
2014) (see also chapter “MR of the Urogenital 
Tract in Children”). After contrast injection, 
the diseased areas appear hypointense on T1 
sequences. This corresponds to the areas of 
decreased Doppler flow on US and represents 
hypoperfusion of the parenchyma. However, 
diffusion-weighted imaging is as sensitive to 
renal involvement in UTI as contrast-enhanced 
MRI, making contrast injection superfluous in 
the assessment of acute pyelonephritis (Fig. 5). 
In equivocal cases a simplified MRI protocol 
with diffusion-weighted images can confirm or 
exclude the diagnosis of acute pyelonephritis 
with high sensitivity and specificity without 


Fig. 5 MRI of a child with pyelonephritis of the right 
kidney. (a) The focal areas of oedema (arrows) are not 
easily depicted on T2-weighted images; only sparse corti- 
cal oedema with slightly increased signal is seen. (b) T1 
fat-saturated images after intravenous contrast administra- 


tion clearly show the cortical areas of hypoperfusion 
caused by focal oedema due to the infection. (c) Diffusion- 
weighted images (b 1000) show increased signal of the 
affected areas in the kidney, indicating restricted diffusion 
due to inflammation and oedema 
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the use of intravenous contrast (Vivier et al. 
2014). MRI has also shown to have equal sen- 
sitivity to DMSA in the detection of renal scar- 
ring (Kocyigit et al. 2014). To date, the biggest 
problem with this technique is the relatively 
low availability and the need for sedation in 
younger children. Currently MRI has no place 
in routine workup of UTI in childhood but may 
gain momentum in the future. The main role 
of MRI in UTI is the assessment of complex 
malformations where US cannot give the full 
overview. Functional MRI is also being increas- 
ingly used as a ‘one-stop shop’ in the workup 
of both anatomy and function of the urinary 
tract (see chapter “MR of the Urogenital Tract 
in Children”). 


2.4 Computer Tomography (CT) 

CT plays a very limited role in UTIs in children 
due to ionising hazards and the need of contrast 
injection and should normally not be performed 
as a diagnostic supplement. CT can be used if 
there is clinical progression under appropriate 
therapy or if an abscess is suspected when US 
does not give a sufficient information and MRI 
is not available or feasible (Riccabona et al. 
2010). 

Even if CT is not recommended, it is some- 
times still performed in an acutely ill child; 
hence it is important to recognise the signs of 
pyelonephritis. Contrast-enhanced CT is sensi- 
tive to acute pyelonephritis. The renal changes 
are best demonstrated on the late postinjection 
phase and appear as hypodense striated triangu- 
lar-shaped areas within the renal parenchyma 
(Fig. 6). There is focal or general nephromegaly 
and inflammatory changes in the perirenal fat 
(fatty stranding) may be seen. Due to the corti- 
comedullary differentiation of the early postin- 
jection (‘cortical’) phase, the extension of the 
renal disease may be underestimated if the 
images are obtained too early (Dacher et al. 
1996). Sometimes CT is indicated in unusual 
infections like xanthogranulomatous pyelone- 
phritis or renal tuberculosis. 


Fig.6 CT should not be used to diagnose pyelonephritis 
and should be avoided in general in children with acute 
abdominal pain due to the large radiation burden. Despite 
this CT is sometimes still performed; hence the signs of 
pyelonephritis are important to recognise. Pyelonephritis 
is most easily depicted on the late postinjection phase and 
appears as hypodense striated triangular-shaped areas 
within the renal parenchyma 


2.5 Voiding Cystourethrography 
VUR assessment by VCUG (or contrast-enhanced 
voiding urosonography or possibly radionu- 
clide cystography, see chapter ‘Diagnostic 
Procedures: Excluding MRI, Nuclear Medicine 
and Video-Urodynamics”) should be performed in 
selected patients according to the preferred guide- 
line or protocol (see Fig. 1). It is used to diagnose 
VUR and in follow-up after VUR treatment. The 
procedure is invasive and includes catheterisation 
of the patient; hence it should only be performed 
after successful treatment of the UTI (for details 
see chapters “UTI and VUR” and “Vesicoureteric 
Reflux”). 


2.6 Intravenous Urography (IVU) 

This technique has been replaced by more sensi- 
tive and less invasive methods and has no longer a 
place in the acute phase of a UTI. IVU also has a 
very limited role in the workup after UTI, and only 
a modified protocol in the excretory phase to look 
for the level of a suspected obstruction or for the 
assessment of an (infectious) stone may be used in 
carefully selected patients (Riccabona et al. 2010). 
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Take Away 

Ultrasound is always the first — and often 
the only — modality required for children 
referred for further imaging workup in 
UTI DMSA scintigraphy remains the 
modality of choice for renal scarring but 
may be replaced by MRI. VCUG (or ce- 
VUS/RNC) should only be performed in 
selectively selected patients based on age 
and the clinical presentation of the infec- 
tion. IVU plays a very limited role in 
UTI. CT and MRI have no role in the rou- 
tine workup of UTI, but MRI is increas- 
ingly used for both anatomical and 
functional urographies and may even gain 
momentum in the future to diagnose pyelo- 
nephritis, and help with assessment of 
complications. 


3 Normal Progression of UTI 


In most children, with good response to appro- 
priate treatment of UTI, the clinical symptoms 
resolve rapidly, even when there is renal involve- 
ment. However, the imaging findings, particularly 
on US, may remain for several weeks and it can 
take 4-6 weeks before the renal size and cortico- 
medullary differentiation returns to normal. The 
pelvic wall thickening and hyperechogenicity of 
the renal sinus and perirenal fat may remain for 
even longer. This should be taken into account 
when performing a follow-up US after an acute 
pyelonephritis, particularly when monitoring 
renal growth. A significant decrease in renal size 
some weeks after an episode of acute pyelone- 
phritis does not necessarily mean that there is 
damage to the renal parenchyma with nephron 
loss but may rather be due to normalisation of the 
oedema in a previously inflamed kidney. Note 
that sometimes echogenic particles are seen 
sonographically in the urine — this does not nec- 
essarily mean persisting puss, but often corre- 
lates with concentrated urine and urine sediments 
(Fig. 7). 
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Fig. 7 Echogenic particles (arrowhead) and sediments 
(arrow) in the bladder might be seen on ultrasound and 
are not necessarily a sign of pus. It might be seen after an 
infection due to concentrated urine and urine sediments 
but can also be seen as an incidental finding 


Take Away 

Imaging plays no role in evaluating treat- 
ment response if the clinical response is 
adequate. Note that imaging findings of 
UTI may persist for several weeks even 
after normal recovery. 


4 Complications 

from Pyelonephritis 
4.1 Acute Bacterial Nephritis 
Acute bacterial nephritis or acute lobar neph- 
ronia is an unusual form of pyelonephritis and 
refers to a localised haemorrhage or necrosis or 
pseudo-tumorous swelling and oedema superim- 
posed on the local, segmental bacterial infection. 
On US the involved area usually appears as a 
tumorous hyper- or hypoechoic swelling with or 
without clear limits and loss of corticomedullary 


Imaging in Urinary Tract Infections 


differentiation (Cheng et al. ). This probably 
corresponds to a pre-abscess formation stage and 
can be challenging to differentiate from a renal 
tumour (Shimizu et al. ; Uehling et al. ; 
Cheng et al. ). 


4.2 Renal Abscess 

In delayed or inappropriate treatment of acute 
pyelonephritis as well as in some aggressive 
or resistant bacteria, the pyelonephritic lesions 
may coalesce and form an abscess (Fig. 8). This 
may remain limited to the kidney or extend first 
into the renal capsule and successively into 
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the perinephric space (Fig. 9). The progressive 
extension of the inflammatory process may be 
demonstrated by US. An increased echogenicity 
of the retroperitoneal fat or even of the perivesi- 
cal fat can be seen, sometimes also with focal 
complex fluid. The abscess itself sonographi- 
cally appears as a mass with variable central 
echogenicity depending on the degree of necro- 
sis. Both CT and MR imaging are valuable 
techniques for the demonstration of the abscess 
and its extension (Figs. 8 and 9). Large renal 
abscesses may mimic a renal tumour, but the 


clinical presentation and the response to treat- 
ment will normally lead to the right diagnosis 
(Wang et al. 3). 


Fig.8 A 13-year-old boy with type I diabetes presented 
with flank pain and mild fever. Ultrasound scan revealed a 
process in the lower pole of the left kidney with extension 
out of the kidney and hyperemia in the periphery and no 
flow seen within the lesion suggesting an inflammatory 


process (a). MRI (axial T2 TSE (b) and coronal STIR (c)) 
revealed an encapsulated fluid-filled process erupting out 
of the kidney (arrows) and fluid around the lower pole of 
the kidney (arrowhead). A renal abscess was suspected 
and confirmed by fine needle aspiration 
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Fig.9 Renal abscesses may be large and mimic a tumour. 
However, it is most often possible to make the correct 
diagnosis based on the clinical picture and the imaging 
findings. This 18-month-old child presented with a clini- 
cal picture of severe infection. There was a palpable mass 
in the right abdomen and flank. MRI showed a large mass 
(arrows) arising from the right kidney (asterisk). An axial 
(a) and coronal (c) STIR shows a septated mass with 
intermediate to high signal invading the posterior abdomi- 


4.3 Renal Scarring 

Acute pyelonephritis may potentially cause 
nephron loss and subsequent renal scarring. 
Patients presenting renal scars are at risk for 
developing renal hypertension, pregnancy-related 
complications, renal failure and, rarely, end-stage 
renal failure (Fidan et al. 2013; Peters and 
Rushton 2010; see also chapter “UTI and VUR”). 
Patients with UTI presenting with high tempera- 
ture (>39 °C), non- E. coli infection, pathology 
on US, cell count of greater than 60%, 
CRP>40 mg/L and the presence of VUR are at 
higher risk of developing renal scars as are chil- 
dren with recurrent or non-febrile UTI. High- 
grade VUR (grades IV and V) is thought to be the 


nal wall and cutis (arrowhead). There is a peripheral 
enhancement on a Tl-weighted fat-saturated coronal 
image (d), and the central, non-enhancing areas also show 
restricted diffusion on a b 1000 diffusion-weighted image 
(b) suggestive of pus. A renal tumour would rarely invade 
adjacent tissue, whereas inflammatory processes typically 
cross tissue borders. This child responded well to acute 
drainage of the abscess and adequate treatment with anti- 
biotics (Image courtesy of John Asle Bjørlykke) 


strongest predictor of renal scarring; however, 
this degree of VUR is only seen in a small pro- 
portion of patients who develop renal scars 
(Shaikh et al. 2014; Snodgrass et al. 2013). 
DMSA is the preferred technique for detection of 
renal scarring (Sinha et al. 2007) (Fig. 5). MRI 
has equally high sensitivity for renal scarring 
(Kocyigit et al. 2014) and when feasible this 
technique can replace DMSA in the assessment 
of renal scars (Fig. 10). US has a limited poten- 
tial; even Doppler techniques are limited for this 
query — although high-resolution detailed scan- 
ning can depict scars — and gross scaring can be 
depicted by US reliably (Fig. 11). In the future, 
contrast-enhanced US may potentially help to 
improve the US potential for this application. 
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Fig. 10 Ultrasound of an 8-year-old boy with suspected 
pyelonephritis shows focal nephromegaly in the lower 
pole of the right kidney (asterisk) (a), amplitude-coded 
Doppler examination shows reduced perfusion in the 
same area in keeping with pyelonephritis (b). MRI 7 


months after the acute infection shows parenchymal loss 
in the lower right pole in keeping with renal scar, here 
shown on a sagittal STIR (c) (arrow) (Image courtesy of 
Pierre Hugues Vivier) 


Fig. 11 Ultrasound is not a sensitive method for detec- 
tion of renal scars, but large scars may however be seen. 
(a) Focal scar with clubbed calix and destroyed cortex 
acute pyelonephritis of the upper pole. (b) Small periph- 


44 Xanthogranulomatous 


Pyelonephritis 


Xanthogranulomatous pyelonephritis (XPN) is 
a rare form of chronic renal parenchymal infec- 
tion. Its origin is controversial and probably 
multifactorial. Pathogenesis includes calculus 
or non-calculus obstruction, ineffectively treated 
acute pyelonephritis, ischaemia, a change in 
renal metabolism and altered immune response 


eral scar seen as perfusion defect on aCDS, not easily 
depicted by greyscale US (Reprinted with permission 
from: Riccabona (2014)) 


to infection. The diagnosis may be suggested 
in a child with tender flank pain, fever, pyuria, 
haematuria, weight loss, anaemia and imaging 
findings suggestive of this condition. The typical 
finding is a centrally calcified nodule within an 
otherwise normal-appearing kidney (localised 
form) or a large space-occupying lesion replacing 
the entire kidney and containing (often more cen- 
tral) cystic necrotic areas (diffuse form) (Fig. 12). 
Although typically a central (staghorn) calculus 
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is seen, the mass is, however, not always calci- 
fied (Gasmi et al. 2010). The condition is usually 
mistaken for a neoplasm, and the final diagnosis 
is sometimes made based on histopathology — 
particularly as typical findings such as the central 
calculus and the typical history are often absent. 
The classic feature is the chronic inflammation 
and the infiltration of lipid-laden macrophages. 
This is reflected on MRI where fat often can be 
seen within the lesion. On diffusion-weighted 
imaging, the areas of necrosis often show very 
restricted diffusion (Zugor et al. 2007). 


oe 


5mm 
Contraste 


Fig. 12 CT findings of xanthogranulomatous pyelone- 
phritis with loss of normal renal architecture and calcifica- 
tions in the left kidney. The diagnosis is finally made 
based on histopathology 
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Take Away 

Imaging is crucial in the workup of com- 
plications from pyelonephritis. Ultrasound 
is the diagnostic tool to detect focal nephri- 
tis and renal abscess. Renal scintigraphy 
remains the diagnostic tool for renal scar- 
ring but may be replaced by MRI. CT or 
MRI is often used in the rare occasion of 
suspected xanthogranulomatous pyelone- 
phritis or other rare diseases/complications. 


5 Cystitis 


Cystitis refers to an infection or inflammation 
confined to the bladder. The classical symptoms 
are dysuria, pollakisuria and sometimes haema- 
turia, but small children with cystitis may also 
experience weakness, irritability, reduced appetite 
and vomiting. Children with cystitis have normal 
or mildly elevated temperature. Sonographically, 
the bladder wall is thickened (Fig. 13) and it can 
be irregular and/or pseudo-tumoral and hence 
mimic neoplasms (Fig. 14). The urine within 
the bladder may contain floating echoes. These 
findings are not specific for a bacterial cystitis, 
since bladder wall thickening may appear in vari- 
ous conditions (Table 2) and urine echogenicity 


Fig. 13 Ultrasound in cystitis shows irregular thickening of hyperaemic bladder wall 
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Fig. 14 Cystitis may cause focal thickening of the blad- 
der wall. Greyscale ultrasound (a) shows thickening of the 
posterior bladder wall (asterisk), and amplitude-coded 
Doppler (b) shows hyperaemia of the ‘lesion’. Imaging 


Table 2 Causes of bladder wall thickening 


Infectious cystitis (may be localised pseudo-tumoral) 


Eosinophilic cystitis 


Drug-induced cystitis 


Neurogenic bladder 


_Nonneurogenic bladder-sphincter dysfunction 


Posterior urethral valves 


Bladder outlet obstruction 


Megacystis-megaureter association 


can be present in children without infection due 
to haemorrhage and urine sediments, sometimes 
only caused by high concentrated urine. Imaging 
in bacterial cystitis in children has a limited role, 
but US can be performed in equivocal cases, in 
recurrent cystitis and in the assessment of dif- 
ferential diagnosis. If US is performed, indirect 
signs of bladder dysfunction should be assessed, 
such as an open bladder neck, a non-physiolog- 
ical bladder tension and shape, pathologic blad- 
der capacity/filling volume or residual urine, as 
well as bladder wall thickening and trabeculation. 
However, the signs of bladder dysfunction may be 
caused by the cystitis itself and the signs could 
remain false positive weeks after the infection 
(for bladder dysfunction; please also see chapter 
“Non-neurogenic Bladder-Sphincter Dysfunction 


alone cannot differentiate focal thickening in cystitis that 
forms a tumour, but the clinical setting and normalisation 
of findings on treatment with antibiotic usually give the 
diagnosis 


(“Voiding Dysfunction”)”) (Milosevic et al. 2013; 
McCarville et al. 2000). 


6 Unusual Infections 


6.1 Renal Candidiasis 
Immunocompromised patients, neonates, patients 
under massive and long-term antibiotic therapy 
and patients with complicated uropathies are at 
particular risk of renal candidiasis (Festekjian and 
Neely 2011). On US various patterns have been 
described. The finding of global renal hyperecho- 
genicity, hyperechoic sludge (resembling small 
lithiasis) and hyperechoic fungal balls without 
posterior shadowing in the right clinical setting 
should suggest candidiasis. The fungal balls typi- 
cally cause obstruction of the collecting system; 
hence mild hydronephrosis and dilated calyces 
are a common finding. Lesions may involve the 
renal vessels with secondary hypertension or 
even extend into the extrarenal space. Additional 
imaging usually is not beneficial; the diagnosis 
is made from urine samples — unless the fungus 
grows in a heavily obstructed and poorly function 
system. In such cases diagnostic, image-guided 
urine sampling from the kidney is necessary. 
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6.2 Tuberculosis 

Tuberculous involvement of the urinary tract is 
The radiological features have 
mainly been described on IVU and include poor 
definition of a minor calyx or what is called the 
‘drooping lily’ appearance of pyelocalyceal sys- 
tem. It may evolve towards an acquired infun- 
dibular stenosis. It is followed by cavitation into 
the parenchyma. Finally, the kidney may undergo 
end-stage autonephrectomy by ulcerocavernous 
caseation and subsequent calcification (putty 
kidney) (Das et al. 2014). 


uncommon. 


6.3 Hydatid Disease 

Hydatid disease is a parasitic infection caused by 
larvae of tapeworms of the genus Echinococcus. 
Renal manifestation is unusual in hydatid disease 
but should be considered in areas or patients pre- 
senting an epidemiological risk. CT or US typi- 
cally demonstrates a thick-walled multiloculated, 
cortical, solitary cystic structure. The cyst may 
sometimes be unilocular and may calcify. The 
falling snowflakes pattern within the cyst dur- 
ing patient mobilisation is a characteristic of the 
stages that resemble those reported for the liver 
and can thus be graded by US (Ghartimagar et al. 
2013; Rami et al. 2011; Pedrosa et al. 2000). 


6.4 Bilharziasis 

Bilharziasis or schistosomiasis determines exten- 
sive inflammatory granulomatous reaction in 
the urinary tract. Renal involvement is usually 
asymptomatic, whereas ureteral involvement 
determines obstructive uropathy. Calcified thick- 
ening of the bladder wall is typical, and the blad- 
der volume is markedly reduced (Fig. 15). 


Take Away 

Unusual infections may occur anywhere in 
the renal tract in children and the findings, 
both in the bladder and kidneys, may some- 
times mimic neoplasms. Imaging plays an 
important role in suspecting, and sometimes 
diagnosing, unusual infections of the renal 
tract. Image-guided intervention, either 
biopsy or aspiration of urine, is sometimes 
required to secure the diagnosis. 


7 Summary and Conclusion 


The aim of imaging in childhood UTI is to detect 
underlying conditions that need to be modified to 
avoid recurrent infections and renal damage. 
Imaging is also crucial to detect both acute and 


Fig. 15 The granulomatous inflammation caused by 
schistosomiasis (bilharzia) causes calcification of the 
bladder wall and ureters. (a) Ultrasound of a patient with 
bilharziasis shows hyperechoic calcified bladder wall. 


CT of another patient with bilharziasis clearly depicts 
the calcified bladder wall with restricted elasticity (a). 
Calcification of the ureters (b) may cause obstructive 
uropathy 
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long-term complications from UTI. Ultrasound 
remains the main modality in both workup of 
UTI and the detection of complications and of 
underlying conditions. The diagnosis of UTI is 
mainly based on clinical and laboratory findings, 
and patients must be meticulously selected for 
imaging, particularly for more invasive studies, 
based on the clinical presentation of the infection 
and the age of the child. New knowledge, particu- 
larly on VUR, is gained in the last decade, but the 
ideal patient selection and imaging algorithm in 
childhood UTI remain under discussion. 
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1 Introduction 


Renal malformations represent the most common 
manifestation of congenital diseases in childhood. 
Renal agenesis, dysplasia, hypoplasia, and cystic 
renal diseases are such entities. Causes vary; par- 
tially they derive from the complex renal organogen- 
esis, and partially they have a genetic background. 
Today there is evidence that disturbances of the 
cilium-centrosome complex form the pathogenetic 
base of most or many phenotypically different cys- 
tic renal diseases on a cellular level; thus, they are 
summarized under the term “ciliopathies” (Guay- 
Woodford 2006; Hildebrandt 2005; Hildebrandt 
et al. 2011). Furthermore, uromodulin — a urinary 
mucoprotein former known as “Tamm-Horsfall 
protein” — appears to play an important role in the 
genesis of cystic kidney diseases (lorember and 
Vehaskari 2014). The knowledge of the individual 
etiology and development helps to understand 
the disease process, affects further diagnostic and 
therapeutic management, and helps to properly 
estimate prognosis of these patients and their fami- 
lies, respectively. The clinical and genetic basics 
including the relevant queries toward imaging are 
discussed in chapters “Genetics in Nephrourology” 
and “Renal Agenesis, Dysplasia, Hypoplasia, and 
Cystic Diseases of the Kidney”. 

Diagnosis is often easy; gross renal pathology 
may already be depicted by prenatal ultrasound 
(US) (Helin and Persson 1986; Cohen and Haller 
1987; Patten et al. 1990; Zejil et al. 1999). 


553 


M. Riccabona (ed.), Pediatric Urogenital Radiology, Medical Radiology, 


https://doi.org/10.1007/978-3-319-39202-8_31 


554 


However, gradually evolving disease may only 
manifest later, or subtle pathology can pose some 
difficulties to imaging. Furthermore, renal pathol- 
ogy may be detected by screening programs after 
birth or examinations for other reasons such as 
urinary tract infection, hematuria, nephrolithia- 
sis, wetting, hypertension, or symptoms of devel- 
oping renal insufficiency; even unrelated 
symptoms may lead to an US investigation that 
depicts renal pathology by chance. 

Differentiation of various similar entities can 
be challenging, indicating the need for imaging. 
The known association with other pathology of 
the urinary tract may also necessitate additional 
studies, such as voiding cystourethrography 
(VCUG). Postnatal imaging usually is governed 
by prenatal findings, family history, known dis- 
ease likely to be associated with renal abnormali- 
ties, or clinical as well as laboratory findings that 
indicate renal disease in either symptomatic or 
otherwise healthy patients. 

The task of imaging is to reliably define or rule 
out a disease state in an economic way at minimal 
burden to the patient. In general, US is used as the 
first, noninvasive, nonionizing imaging tool for 
evaluation of the urinary tract and possible associ- 
ated malformations, for example, in syndromal 
conditions. If US, including the modern tech- 
niques such as color Doppler (CDS), power 
Doppler (= amplitude-coded color Doppler 
sonography, aCDS), and harmonic imaging (HI) 
combined with high-resolution techniques and 
transducers, sufficiently answers the clinical 


Fig.1 MRI and US in cystic renal disease - both methods 
have their advantages: (a) MRI (performed for the query 
“complicated cyst versus cystic nephroma”) shows the 
cyst in the middle section of the right kidney, but addition- 
ally depicts a tiny cyst in the contralateral cyst arrow) 
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query, no further imaging is needed; US may 
sometimes even offer more information than MRI 
particularly in small children (due to its high reso- 
lution) (Fig. 1). Otherwise, scintigraphy for evalu- 
ating renal (relative) function, VCUG (or 
contrast-enhanced voiding urosonography, ce- 
VUS) for evaluation of vesicoureteral reflux 
(VUR), and MRI (rarely CT) for assessing caly- 
ceal cysts/diverticula, duplex systems, evaluation 
of complications, and cystic renal tumors, renal 
calcifications, or (US-guided) renal biopsy may 
become necessary (Fig. 2). Once the diagnosis is 
established, follow-up depends on the course of 
the disease and the implications on management; 
this can usually be accomplished by repeated US. 


2 Renal Agenesis 


In patients with unilateral renal agenesis, one usu- 
ally finds no ipsilateral ureter, as well as associ- 
ated aplasia, hypoplasia, or anomalies of genital 
structures originating from the ipsilateral Wolffian 
and Mullerian duct (Woolf and Allen 1953). The 
renal vessels are missing, and there may be apla- 
sia of the ipsilateral adrenal gland in 10% 
(Frohneberg 1986; Hoyer 1996a; Kiechl- 
Kohlendorfer et al. 2011). Unilateral renal agene- 
sis has no significant impact on the patient only 
with a risk of accompanying malformations (Cope 
and Trickey 1982). The contralateral kidney may 
be ectopic and malrotated and usually presents 
with compensatory hypertrophy. However, if 


which was missed on US (b, c) HR-US of the right kidney 
of same patients as in Figure 31.1.a nicely demonstrates 
the multicystic, septated nature of this complicated cyst 


(+ ....+), with a normal outer cortex — a finding not dif- 
ferentiated by MRI 
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Fig. 2 Multimodal imaging for differential diagnosis, 
here for diagnosing a calyceal diverticulum: (a, b) US of 
a simple renal cyst close to the renal pelvis in longitudinal 
and transverse images. (c) 3DUS of the same cyst sug- 
gesting a connection of the cyst to the urinary collecting 
system (diverticular neck). (d-f) MR-urography images 
of this calicyeal diverticulum (arrow) demonstrating ini- 


hypertrophy is not present, dysplastic and/or 
hypoplastic changes of the remaining single kid- 
ney must be considered, and these patients need 
close nephrological follow-up since prognosis is 
worse. And as close relatives have a slightly 
increased risk of renal malformations, some pro- 
pose US screening for them. Bilateral renal agen- 
esis, also called Potter’s syndrome, is lethal. 

The purpose of postnatal imaging is to search 
for ectopic kidney parenchyma, to evaluate the 
contralateral kidney (e.g., to differentiate crossed 
dystopia), to assure normal renal appearance, and 
to evaluate associated abnormalities, particularly 
of the genital structures. In general, US is used as 
the first step (Fig. 3). Then MRI (or scintigraphy — 
including an anterior acquisition with a catheter- 
ized urinary bladder) and —in risk patients— VCUG 
or ce-VUS are performed (Riccabona et al. 2012; 
Riccabona et al. 2004a, b). No additional imaging 
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>» calyeeal diverticula 


diverticula 
neck 


renal pelvis 


tially the topographic anatomy of the cyst (T2-weighted 
coronal image, (d), then the delayed contrast extravasa- 
tion into this calyceal diverticulum on dynamic imaging 
after contrast administration (T1l-weighted fast gradient 
echo 3D sequences/acquisitions; (e) = early phase, no 
contrast in the cyst; (f) = delayed scan with gadolinium 
coming from the collecting system into cyst) 


Fig. 3 US of renal agenesis showing the empty renal 
fossa with a somewhat atypically shaped adrenal gland 
(arrow) in this longitudinal view of the right upper 
quadrant 
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is used routinely. However, MRI and three-dimen- 
sional US (3DUS) can be helpful for evaluating 
associated genital anomalies, e.g., to find an ecto- 
pic testis (by MRI) or to confirm a bicornuate or 
septate uterus (using 3DUS, with rendering and 
thick slab coronal reconstructions) (Beomonte- 
Zobel et al. 1990; Jurkovic et al. 1995; Landry 
et al. 1999; Nelson et al. 1999; Riccabona 2014). 
Note that imaging sometimes has restrictions in 
differentiating real renal agenesis form a shrunken 
(ectopic) renal bud leaving the patient with a sin- 
gle kidney; cystoscopy confirming only one ure- 
teral orifice will definitely establish the 
diagnosis — this usually is without consequence 
on prognosis and management and thus not 
deemed necessary. 


Take Away 

In renal agenesis, imaging (primarily US, 
complemented by MRI, sometimes VCUG 
or ce-VUS and scintigraphy) is used for 
confirming the diagnosis and for evaluating 
and monitoring the contralateral kidney. 


3 Renal Hypoplasia 


Renal hypoplasia is a mixture of many different 
conditions, describing a congenital renal 
anomaly. It is defined as a small kidney (2SD 
below the normal) with normal morphology and 
a reduced number of nephrons (Cain et al. 2010). 
It may be detected by chance in children who are 
otherwise healthy; in others, it is diagnosed by an 
examination indicated by symptoms or presenta- 
tion of a more severe disease state such as urinary 
tract infection, hypertension, or chronic renal 
failure. Neonates with oligohydramnios may suf- 
fer from bilateral hypoplasia and have neonatal 
chronic renal failure. The details on etiology and 
different entities as well as clinical implications 
and queries for imaging arising for diagnosis and 
management are discussed in chapters “Genetics 
in Nephrourology” and “Renal Agenesis, 
Dysplasia, Hypoplasia, and Cystic Diseases of 
the Kidney” (Table 1). 


Table 1 Renal hypoplasia 


“Simple renal hypoplasia 
Isolated 


Syndromal (branchio-oto-renal syndrome, fetal 
alcohol syndrome, Turner syndrome, Goldenhar 
syndrome, autosomal syndromes) 


Unipapillary kidney and segmental hypoplasia 
___(Ask-Upmark kidney) 
Mixed renal hypoplasia (with dysplastic and cystic 
elements) 


Oligomeganephronia 
Isolated 


Syndromal (branchio-oto-renal syndrome) 


Classification and forms of renal hypoplasia, adapted 
according to Bernstein (1973, 1992) and Watkins et al. 
(1997) 


Imaging usually starts with US. US typically — 
in pure renal hypoplasia — shows a just small kid- 
ney with otherwise often normal sonomorphologic 
appearance. However, US cannot reliably differen- 
tiate hypo- from dysplasia which both can be uni- 
or bilateral; thus often the term hypodysplastic 
kidney is used (Fig. 4). Standardized volume cal- 
culations are essential as well as calculating rela- 
tive renal size. Renal growth charts reflect the 
changes in renal size depending on age and 
bodyweight, but do not account for regional varia- 
tions (Avni et al. 1985; Dinkel et al. 1985; Kasiske 
and Umen 1986; Churg et al. 1987; Hoyer 1996a; 
Schneider and Fendel 1995) (see chapter 


Fig. 4 US of the right upper quadrant showing a small, 
but otherwise sono-morphologically relatively normal 
kidney in a longitudinal section, consistent with renal 
hypo(-dys-)plasia 
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Fig.5 Renal dysplasia: (a) Renal US shows an increased 
echogenicity of the undifferentiated renal parenchyma in 
cross-sectional view of a relatively small, dysplastic right 
kidney (+ +). (b) US using HI demonstrates the echo- 
genic, not differentiated parenchyma of a diffusely dys- 
plasic, ectopic kidney of approximately normal size, with 


“Normal Values”). In segmental — then usually 
dysplastic — manifestation, aCDS may demonstrate 
segmental vessel rarefaction in the affected areas 
(see Fig. 5c). Scintigraphy confirms the lack of 
focal parenchymal defects in diffuse hypoplasia. 
IVU is rarely used nowadays and is restricted for 
situations where no MRI is available and with 
suspicion of a duplex system, a unipapillary kid- 
ney, or a possible segmental manifestation as 
well as in an additionally dilated urinary tract. It 
shows a small kidney with reduced concentration 
of contrast both in the parenchyma and in the oth- 
erwise normal urinary tract in diffuse disease or 
regional parenchymal narrowing with reduced 
parenchymal contrast in segmental (then usually 
dysplastic) manifestation. 

Sometimes additional workup is performed 
with VCUG (or ce-VUS) to rule out VUR as a 
possible cause for a radiologically small kidney 
and scintigraphy (increasingly replaced by MRI) 
for determination of relative (split) renal size and 
function. 

Various entities leading to small kidneys have 
to be considered for the differential diagnosis, 
especially when disease is discovered later in 
childhood. These include renal artery stenosis, 
renal dysplasia, chronic renal parenchymal dis- 
ease, or postpyelitic “cirrhotic” shrunken kidney/ 
end-stage kidney. CT or MR angiography and 
(sometimes) captopril scintigraphy are performed 


a slightly prominent calyx (arrow) in the lower part. 
(c) ACDS demonstrates reduced vasculature/perfusion in 
the segmental obstructive dysplasia of the upper moiety in 
a duplex system (arrow), in relation to good perfusion of 
the normal renal parenchyma of the lower part 


in suspected renal artery stenosis after a detailed 
Doppler US study (Riccabona et al. 2011). In 
chronic glomerulonephritis, US-guided biopsy 
may become indicated. Catheter angiography is 
performed to confirm renal artery stenosis or 
regional vascular disease and often combined 
with balloon dilatation/angioplasty in the same 
session if applicable. 


4 Renal Dysplasia 


Take Away 

Imaging is used to differentiate pure hypo- 
plasia from other entities that cause a small 
kidney such as acquired disease, (obstruc- 
tive) dysplasia, scarring, and “reflux 
nephropathy.” It starts with US (including a 
Doppler US study) and then generally is 
complemented by WVCUG/ce-VUS and 
MRI and/or isotope studies. 


There is a wide range of manifestations and 
underlying causes for renal dysplasia (Stockamp 
1986). Etiology and classification details are 
again discussed also in chapter “Genetics in 
Nephrourology”. 
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The manifestation can vary from focal/segmen- 
tal dysplasia, such as in duplex kidneys (with or 
without ectopic ureteroceles), or subtle tissue 
changes over diffuse severe disease to even non- 
functioning renal units such as in MCDK (see also 
Sect. 5.2). In general, a disturbed renal ontogene- 
sis results in the presence of histological structures 
not present during normal nephrogenesis — 
naturally these cannot be diagnosed by imaging in 
detail. These changes can be associated with hypo- 
plasia; US may however not always allow differ- 
entiation of those, and thus, in these cases the term 
hypodysplasia is used (see Fig. 4). Dysplasia can 
be diagnosed if typical signs are observed such as 
echogenic cortex without normal differentiation or 
cystic changes and with various syndromes (syn- 
dromal dysplasia, e.g., in trisomies 13—15 and 18 
or in Meckel-Gruber syndrome) (Table 2; see also 
Sect. 5.1.5). 


Table 2 Renal dysplasia 

Multicystic renal dysplasia 

Obstructive renal dysplasia: 
With lower urinary tract obstruction 
With upper urinary tract obstruction 
Segmental renal dysplasia 

Diffuse renal dysplasia 
Syndromal: 


Autosomal dominant: tuberous sclerosis, von 
Hippel-Lindau syndrome 


Autosomal recessive: Meckel-Gruber syndrome, 
orofacial-digital syndrome, Zellweger syndrome, 
short limb-polydactyly syndrome, Jeune 
syndrome 


Aneuploidies: trisomies 13-15, 18, 21, Turner 
syndrome 


Non-inherited syndrome: nail patella syndrome, 
prune belly syndrome, Ehlers-Danlos syndrome, 
branchio-oto-renal syndrome 


Non-syndromal and miscellaneous 
Focal renal dysplasia 
Miscellaneous 


Hereditary: 


Angiomyolipoma (tuberous sclerosis) 


Neurofibroma (von Recklinghausen’s 
neurofibromatosis) 


Various manifestations of renal dysplasia, including cys- 
tic and syndromal forms, adapted according to Bernstein 
(1992), Kissane (1990), Hoyer (1996a), and Watkins 
(1997) 
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Clinical symptoms vary depending on the 
individual manifestation, the underlying disease, 
and the amount of renal functional impairment. 
And diagnostically, imaging plays the most 
important role in the initial workup. 

US can detect tissue changes: it usually shows 
an echogenic renal parenchyma with reduced cor- 
ticomedullary differentiation; sometimes small 
“microscopic” changes cannot be depicted by 
US. Cysts of varying sizes, mostly small, may be 
present (Fig. 5a, b). Duplex Doppler may show 
elevated renal resistance in poorly functioning 
units; aCDS helps to evaluate reduced peripheral 
renal vasculature and perfusion, most convinc- 
ingly displayed in segmental manifestation — but 
may be poor in differencing the etiology of a cystic 
structure (Fig. 5c). Additionally, WCUG or ce- 
VUS -— to detect the often-associated VUR — and 
scintigraphy are performed in part, the latter being 
increasingly replaced by MRI, not only for patients 
with complex urinary tract abnormalities (Terrier 
et al. 1986; Krestin 1990; Sigmund et al. 1991; 
Hattery and King 1995; Avni et al. 1997; Borthne 
et al. 1999). Only in some equivocal situations, 
when disease is found during later childhood and 
imaging as well as genetics remains inconclusive, 
diagnosis is made by (US-guided) renal biopsy. 
Focal dysplasia as found in tuberous sclerosis 
(renal angiomyolipoma) and von Recklinghausen’s 
neurofibromatosis are discussed in chapter 
“Neoplasms of the Genitourinary System” (renal 
neoplasm) and “MR of the Urogenital Tract in 
Children” usually are listed as benign renal masses 
(Dodat et al. 1988; Bernstein 1993a, b), as they 
rather present as a renal mass or tumor than as a 
focal dysplasia or a renal cyst. 


Take Away 

US can be suggestive of (hypo-)dysplasia. 
Histology establishes the definite diagno- 
sis, particularly in patients with disease 
detected later in life and not in early 
infancy. VCUG (or ce-VUS) is obligatory. 
Other imaging methods are used for addi- 
tional workup, to confirm an otherwise nor- 
mal urinary tract and to evaluate (split) 
renal function (isotope studies, f{MRU). 
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5 Cystic Renal Disease 


This includes a variety of entities; numerous clas- 
sifications exist that have changed over time. The 
old Potter classification has been abandoned 
which was rather descriptive and less oriented 
toward pathogenesis. New proposals either focus 
on the genesis, or the time of manifestation 
(Glassberg et al. 1987; Avni and Hall 2010; 
Vester et al. 2010) (Tables 3 and 4). And for 
imaging — particularly US — a schematic guide to 
help differentiation has been developed based on 
the schema for adults developed by Morcos and 
adapted toward children and new insights 
(Morcos 2009; Riccabona et al. 2012) (Fig. 6a). 

The causes vary. Inherited diseases as well 
as a disturbed renal embryogenesis and renal 
development create a wide spectrum of mani- 
festations that spans from diffuse, severe, bilat- 
eral congenital disease to simple, single renal 
cysts occurring in the adult (Tanago 1975; 
Stockamp 1986) (Table 3). The main mechanism 


Table 3 Cystic renal diseases 


Hereditary disease 


Polycystic kidney disease 


Autosomal recessive polycystic kidney disease 
(ARPKD) 


Autosomal dominant polycystic kidney disease 
(ADPKD) 
Juvenile nephronophthisis and medullary cystic disease 
complex (MCDC) today also summarised as ADTKD 


Glomerulocystic kidney disease (GCKD) HNF1B/ 
TCF2-associated disease 


for DD [congenital nephrotic syndrome (Finnish 
type, autosomal recessive)]: not a real cystic disease 


Syndromal cysts: for example, in Meckel syndrome, 
Laurence-Moon-Bied]-Bardet syndrome, Ivemark 
syndrome, Zellweger syndrome, tuberous sclerosis, 
von Hippel-Lindau disease, HNF1B disease, 
Diabetes and renal cysts, etc. 


Nonhereditary cystic renal disease 


Multicystic dysplastic kidney (MCDK) 
(Obstructive) cystic dysplasia 


Multiloculated cyst and similar entities 


Simple renal cyst 


l Medullary sponge kidney 


Secondary or acquired renal cyst (post-traumatic, 
chronic renal failure, and dialysis) 


Cystic renal tumor 


Adapted according to the classification proposal of the 
American Academy of Pediatrics, Urologic Section 
(Glassberg et al. 1987) 


Table 4 Cystic renal diseases 


Before nephrogenesis 


Multicystic dysplasia 


Early during nephrogenesis 
Isolated 


As part of syndromes 
With obstruction 


After nephrogenesis 


Systemic renal cystic disease 
ARPKD, ADPKD, juvenile nephronophthisis/ 
medullary cystic disease complex, 
glomerulocystic kidney disease 


Miscellaneous others 


Isolated cyst, acquired renal cysts, cysts in 
tumors, metabolic diseases (renal cysts and 
diabetes syndrome) 


Classification by time of development in relation to the 
stage of nephrogenesis (Vester et al. 2010) 


is a disturbance at the junction between the 
metanephrogenic tissue and the ureteral bud 
(Osathanondh and Potter 1964, 1966; Devine 
1983). Further details on etiology, develop- 
ment, and genetics as well as clinical impli- 
cations are addressed in chapters “Urinary 
Tract Embryology, Anatomy, and Anatomical 
Variants”, “Genetics in Nephrourology”, and 
“Renal Agenesis, Dysplasia, Hypoplasia, and 
Cystic Diseases of the Kidney”. 

The various forms and clinical presentations 
may have different prognoses and may imply dif- 
ferent diagnostic and therapeutic strategies. The 
following pages discuss the most important enti- 
ties separately. 

The role of imaging is to detect or confirm a 
cystic renal disease, sometimes also to rule out 
renal involvement in a suspected systemic condi- 
tion, and to help defining the underlying condi- 
tion (deBruyn and Gordon 2000; Bisaglia et al. 
2006). It can be difficult to differentiate small 
cysts from other parenchymal diseases or a com- 
plicated (e.g., hemorrhagic) renal cyst as well as 
a segmental polycystic abnormality from cystic 
renal tumors, thus supporting and enabling dif- 
ferential diagnosis in unclear or other suspected 
cystic renal findings (Fig. 6a, b). 

In general, imaging starts with US, including 
Doppler facilities, HR imaging, and HI, which 
significantly improves tissue differentiation and 
detection as well as delineation of cysts, par- 
ticularly in difficult scanning conditions (Thomas 
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glomerulo-cystic kidney disease 


cystic nephroma, DD: c' 


(obstructive) cystic dysplasia / 
multicystic dysplastic kidney (MCDK) 


complicated cyst 


Fig. 6 Renal cystic disease — how things look like: (a) 
Schematic drawing of typical cyst forms and locations in 
various cystic kidney diseases (adapted from Riccabona et 
al., Pediatr Radiol 2012) with respective US images and his- 
tology: ARPKD = autosomal recessive polycystic kidney 
disease (multiple small cysts, early manifestation, situated 
mostly cortical or at the cortico-medullary border). ADPKD 
= autosomal dominant polycystic kidney disease (some big 
cysts, usually during late childhood/adulthood, in all paren- 
chymal areas); GCKD = gomerulo-cystic kidney disease 
(predominantly small cortical or subcapsular cysts); MCDC 
= medullary cystic disease complex (medullary microcysts, 
centered close to the cortico-medullary junction); MCDK = 
multi-cystic dysplastic kidney; MSK = medullary sponge 
kidney - is included in the medullary cystic dysplasia com- 


criteria: multilocular, (thick) septa, mass 
effect, nodular component, sedimentations 
~ “Bosniak II-IV" 


y cystic dysplasia nephronophtisis ome | 


ary sponge kidney 


2 
st ~ “Bosniak T" 
renal, parapelvic ...) renal cyst 


plex (medullary cystic changes, in a more or less radial pat- 
tern, centered towards the papilla) (b) US images of various 
typical other cystic masses important for differential diagno- 
sis: | = multicystic dysplastic kidney, with the typical 
peripheral cysts of different size and some residual central 
echogenic, non-differentiated dysplastic parenchyma, 2 = a 
perirenal pop-off urinoma after caliceal rupture in a neonate 
with a posterior urethral valve, 3 = disproportionally dilated 
collecting system of the lower moiety of a duplex kidney 
due to dilating VUR, 4 = hugely dilated cystiform obstructed 
collecting system of the upper moiety of a duplex kidney 
with practically no visible parenchyma drained by a mega- 
ureter, with only mild distention of the lower moiety’s 
pelvo-caliceal system, 5 = large suprarenal cyst, originating 
from the adrenal gland (+ .... + indicate the kidney length) 
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Fig.6 (continued) 


and Rubin 1998; Shapiro et al. 1998; Wittingham 
1999). Taking typical imaging features, clinical 
information, and family history into account, US 
(supplemented by MRI) can often define the under- 
lying entity (Avni et al. 2006; Avni et al. 2012). 
VCUG (or ce-VUS) is sometimes used to evalu- 
ate potentially associated VUR. MRI is performed 
in a suspected calyceal diverticula (potentially an 
adapted IVU if MRI is not available), medullary 
sponge kidney or duplex systems, and obstruc- 
tive uropathy. Scintigraphy or fMRU allows for 
quantification of split renal function which may be 
essential for follow-up. Contrast-enhanced (multi- 
phasic) spiral CT is helpful for evaluating compli- 
cated cysts, complex cystic masses, or cystic renal 
tumors — but for radiation protection, issues in 
childhood are only used if ce-MRI is not accessible 
(Bosniak 1986; Urban 1997; Szolar et al. 1997). 
In general, MRI is excellent for cyst detection 
using T2-weighted sequences. In some situations, 
MRI therefore is applied simply to detect or rule 
out small lesions and to confirm existing disease 
or to compare complex changes during follow-up 
giving a better overall 3D impression of the entire 
cyst load, number, and size. The latter is becoming 
increasingly important when monitoring patients 
under new therapeutic approaches for evaluating 


response (Hattery and King 1995; Borthne et al. 
1999). 


5.1 Polycystic Kidney Disease 


5.1.1 Autosomal Recessive Polycystic 
Kidney Disease (ARPKD) 

ARPKD, or infantile polycystic kidney disease, is 
a heredito-familial ciliopathy in the spectrum of 
hepatorenal fibrocystic diseases. The manifesta- 
tion and the course of the disease may vary; some- 
times, it may first present with extrarenal 
manifestation such as (congenital) hepatic fibrosis 
or Caroli disease. In general, ARPKD manifests 
in early infancy or during childhood, although 
clinical onset may be delayed into adulthood in 
some patients with less severe manifestation 
(Shaikewitz and Chapman 1993; Lieberman et al. 
1971; Kaplan et al. 1988, 1989a). However, it 
leads to renal insufficiency during childhood in 
90% of affected patients. Potter’s syndrome-like 
changes secondary to oligohydramnios may be 
present at birth in severe cases with fetal renal 
insufficiency, and modern fetal imaging by US 
(and increasingly also MRI) may detect these 
early manifestations already in utero (Avni and 
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Hall 2010). Many of these severely affected neo- 
nates die from respiratory failure due to pulmo- 
nary hypoplasia. Children surviving the neonatal 
period may have a prolonged course and may 
become adolescents before renal replacement 
therapy is needed (Roy et al. 1997). 

Histologically, there are growing numbers of 
initially very small cysts deriving from dilated col- 
lecting tubules with a flattened epithelium. Areas 
of normal renal structures diminish during the 
course of the disease, whereas the cysts grow less 
in size than in number (Cole et al. 1987; Hoyer 
1996a; McDonald et al. 1997). ARPKD is associ- 
ated with hepatic involvement, and histologically 
dysgenetic periportal biliary ductules with signs of 
liver fibrosis and duct proliferation are considered 
obligatory (= congenital hepatic fibrosis); further- 
more, cysts can be found in other parenchymal 
organs (Lieberman et al. 1971; Alvares et al. 1981; 
Cole et al. 1987; Kaplan et al. 1989a, b). 

The first step in imaging usually is US. It 
(rarely) may show initially sonomorphologically 
normal-sized kidneys usually with an altered corti- 
comedullary differentiation that quickly become 
bilaterally enlarged, with normal presentation of 
the collecting system, but some very small subcap- 
sular cysts of up to 3-mm diameter (Boal and Teele 
1980; Zerres et al. 1988; Worthington et al. 1988; 
Manish et al. 1997). The cysts can be seen unilat- 
erally or bilaterally; often they initially are too 
small to be detected, creating a bilaterally speck- 
led increased echogenicity of the renal tissue of 
then usually enlarged kidneys with inhomoge- 
nously reduced tissue differentiation, also called 
the “pepper-salt kidney” (Fig. 7a—e). During the 
course of the disease, the cysts constantly increase 
mainly in number, but also in size. After a period 
of regression with reduction of renal size, a con- 
stant enlargement is noted with progressive dis- 
ease, invariably leading to terminal renal failure. 

US is unable to definitely distinguish between 
ARPKD and ADPKD; but suggestive contribu- 
tions to diagnosis (and differential diagnosis) can 
be made based on US features when taking 
clinical information and family history into 
account. However, enlarged echogenic kidneys 
can also be seen in a variety of other conditions 
such as congenital nephrotic syndrome, fetal 
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malformative syndromes, renal vein thrombosis, 
or acute renal failure. 

With established diagnosis, no further imaging 
is needed. In equivocal cases, MRI can be used, 
offering new perspectives in assessing the prog- 
ress of the disease and associated liver disease 
(Kern et al. 1999; Riccabona and Avni 2011). 
IVU is not used any longer — if applied it shows 
markedly enlarged kidneys with prolonged, per- 
sisting, radial streaks and tubular striation as well 
as delayed cortical brush pattern (Kääriäinen et al. 
1988b; Schneider and Fendel 1995). In all patients 
with ARPKD, imaging of the liver and evaluation 
of possible portal hypertension are mandatory, 
particularly also during follow-up. 


5.1.2 Autosomal Dominant 

Polycystic Kidney Disease 

(ADPKD) 
With an incidence of 1:400 to 1:1,000 life births, 
ADPKD represents one of the most common 
inherited diseases. Although manifestation usually 
takes place during adulthood — therefore also called 
adult polycystic kidney disease - ADPKD may be 
detected even prenatally or during infancy and child- 
hood by selective family screening or by chance 
(Porch et al. 1986; Kääriäinen et al. 1988a; Estroff 
et al. 1991; Fick et al. 1993). Some families as well 
as siblings of affected patients are predisposed to 
early manifestation (Kaplan et al. 1977; Sedman 
et al. 1987; Fick et al. 1994). 

Initially, only a few macrocysts may be pres- 
ent with an irregular distribution. Later on, 
both kidneys are enlarged, with a growing number 
of large cysts both in the cortex and the medulla. 
Accompanying cysts of the liver, the pancreas and 
other organs are common, but congenital hepatic 
fibrosis is rare. A high incidence of cerebral ves- 
sel malformations — particularly of aneurysms 
of the big cerebral arteries — is reported (in up to 
70% of adult patients!) and has been described in 
pediatric patients as well (Proesmans et al. 1982). 
Furthermore, some relationship to tuberous sclero- 
sis and the gene localization for tuberous sclerosis 
is described (Brook-Carter et al. 1994). Chronic 
renal insufficiency usually develops gradually after 
the age of 30 years; earlier severe disease is rare 
(Worthington et al. 1988). 
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Fig. 7 Ultrasonography in ARPKD (a-d) and ADPKD 
(£, g): a—c Longitudinal (a) and augmented US view (b) of 
an enlarged kidney demonstrating multiple small paren- 
chymal cysts with inhomogenously reduced cortico-med- 
ullary differentiation of the very echogenic renal 
parenchyma in a young girl with ARPKD. (c) Massive 
tubular-cystic changes in a neonate with ARPKD nicely 
shown by high resolution US, whereas this micro-archi- 
tecture is less obvious on the normal standard US axial 
view (d), which on the other hand shows that the contra- 
lateral kidney also reaches the midline and nearly reaches 


Clinically, ADPKD usually manifests with 
loin pain, hematuria, urinary tract infection, 
nephrolithiasis, hypertension, and chronic renal 
insufficiency. For evaluation of these symptoms, 
various imaging modalities are used — depend- 
ing on the individual, sometimes unspecific 
symptoms, and the various institutions, though in 
childhood usually US is the first method and will 
allow for a diagnosis in the majority of patients 
then rating other investigations unnecessary. 

On US, the kidneys in general look normal 
during (early) childhood; sometimes one or two 
parenchymal (even unilateral) renal cysts may be 
found (Fig. 7f, g). Some rare cases of early mani- 
festation (enlarged fetal kidneys or neonatal renal 
cysts) have been described (Cole et al. : 
Boal and Teele 1 ; Kääriäinen et al. ). In 
early stages, two or more cysts in a child with 
positive family history are considered diagnostic 


the right kidney, only separated by the major central 
abdominal vessels. (e) US demonstrates one of a few 
unspectacular renal cysts — others are scattered throughout 
the kidney, but not imaged in this axial section — in a child 
with early onset of ADPKD. Note some reduction in cor- 
tico-medullary differentiation and regional inhomogenic- 
ity of the renal parenchyma, as well as a slightly prominent 
collecting system. (f) Typical appearance of ADPKD — 
multiple simple cysts scattered throughout the paren- 
chyma in a school age child (axial section of left kidney) 


(Zerres 1987). Later on, multiple cysts of varying 
size, mostly large, in irregular distribution, with 
varying amounts of normal renal tissue in other- 
wise hyperechoic renal parenchyma of both 
enlarged kidneys, represent the typical US find- 
ing. These cysts may become complicated by 
secondary hemorrhage, sedimentation, and infec- 
tion, sometimes necessitating further imaging or 
US/CT-guided puncture/drainage. IVU is no lon- 
ger considered indicated for these queries; if per- 
formed it may show indirect signs of calyceal 
splaying around macrocysts and lucent areas due 
to cysts replacing normal renal tissue. MRI (and 
CT, if MRI is not available) is very sensitive in 
depicting the varying number of cysts. They may 
be used during follow-up for quantification and 
comparison, for evaluation of complications, 
and for differentiation of complicated cysts in 
cases where US, including (a) CDS and 
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contrast-enhanced studies, is inconclusive 
(Kääriäinen et al. 1988b; Bosniak 1986; 
Riccabona et al. 1999a, b; Kim et al. 1999). 


5.1.3 Medullary Cystic Disease 

Complex (MCDC) and Juvenile 

Nephronophthisis (NPHP) 
Medullary cystic disease is an autosomal-dominant 
inherited disease with a late onset of chronic renal 
failure. Familial juvenile nephronophthisis (NPHP) 
is usually transmitted recessively; the sporadic 
form most probably represents a new mutation 
(Gadner 1967; Donaldson et al. 1985; Hildebrandt 
et al. 1992; Avner 1994). The adult form of MCDC 
is reported to be rare and difficult to diagnose even 
on renal biopsy specimens, whereas juvenile neph- 
ronophthisis is one of the most common genetic 
causes for ESRD necessitating dialysis and renal 
transplantation in children and adolescents (see 
also chapters “Renal Failure and Renal 
Transplantation” and “Imaging in Renal Failure, 
Neonatal Oligoanuria, and Renal Transplantation”). 

Clinically, MCDC is characterized by the 
insidious onset of chronic renal failure and a 
relentless progression to ESRD. In 10% of 
patients with juvenile nephronophthisis, addi- 
tional liver fibrosis or dysplasia of the bile ducts 
can be observed similar to the changes seen in 
ARPKD (Boichis et al. 1973). 

On US, no specific changes are seen in early 
MCDC, except for the more medullary origin of 
the often relatively large cysts. In NPHP, some 
reduction in corticomedullary differentiation 
may be observed initially (Hildebrandt 1997). 
Then the kidneys become slightly hyperechoic, 
and renal size decreases, eventually leading to 
a cirrhotic kidney, with detectable cysts in the 
corticomedullary junction zone, or subcapsular, 
predominantly in advanced chronic renal failure 
(Garel et al. 1984; Blowey et al. 1996). MRI (and 
CT, if MRI is not available) may be helpful in 
detecting small medullary cysts earlier than US 
and for standardized documentation (Elzouki 
et al. 1996). In general, however, no additional 
imaging is needed, as it does not contribute sig- 
nificantly to the diagnosis, which is made by fam- 
ily history and molecular genetics (Hildebrandt 
1997; Hildebrandt and Otto 2005). Note that 
today other tubulo-cystic diseases (ADTKD) are 
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also summarised in this group, e.g. medullary 
sponge kidney. 


5.1.4 Glomerulocystic Kidney 
Disease (GCKD) 

GCKD is a rare congenital condition. It can be 
categorized into a group with hereditary syndro- 
mal changes (such as Zellweger syndrome, tuber- 
ous sclerosis, or trisomy 13), a group of hereditary 
nonsyndromal diseases transmitted autosomal 
dominantly, and sporadic forms (Sellers and 
Richie 1978; Joshi and Kasznica 1984; Kaplan 
et al. 1989c; Bernstein 1993a). Some authors also 
include dysplastic cystic renal disease (see Sect. 4 
and 5.2) (Kissane 1990). Today these are also 
summarised in the group of “HNFIB/TCF2- 
associated disease”. 

On US, these often tiny cysts are visualized 
predominantly in the renal cortex and subcapsu- 
lar, with a normal-appearing medulla. Possibly 
signs of interstitial nephropathy can be seen (i.e., 
accentuated corticomedullary differentiation) in 
the bilaterally grossly enlarged kidneys with gen- 
erally increased cortical echogenicity (Hoyer 
1996a; Manish et al. 1997) (Fig. 6a). Secondary 
changes may be observed: inflammation, punctu- 
ate calcification, secondary medullary fibrosis, or 
relative loss of renal size may then confuse the 
image (Fitch and Stapleton 1986; Fredericks 
et al. 1989). Differentiation against other entities 
with bilateral widespread (cortical) small cysts 
may be difficult, and imaging may present very 
similar to polycystic kidney disease, particularly 
ARPKD (Fitch and Stapleton 1986). As diagno- 
sis is made by histology and family history, no 
additional imaging is performed except for fol- 
low-up investigations. 

The Finnish type of congenital nephrotic 
syndrome may be a differential diagnosis in the 
neonate as dilated proximal renal tubules may be 
found. Though not a real cystic renal disease, it 
is often listed in this context. It is a rare autoso- 
mal recessive inherited disease caused by a muta- 
tion in the podocyte protein nephrin (see chapter 
“Renal Parenchymal Disease”) that manifests at 
birth and predominantly exists in Finland — there 
the incidence is 1:8,200 live births (Kestilä et al. 
1998; Hallmann et al. 1956; Huttunen 1976). 
Aside from genetic analysis, diagnosis is made 
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clinically and is very often suspected prena- 
tally based on high alpha-fetoprotein concentra- 
tion of the amniotic fluid, an enlarged placenta, 
altered renal echogenicity on fetal US, and 
severe neonatal proteinuria (Kjessler et al. 1975). 
On US, initially and prenatally, the kidneys are 
enlarged with increased cortical echogenicity, and 
the corticomedullary differentiation disappears 
during the course of the disease. Other changes 
such as disturbance of flow pattern with increase 
of resistive index or variations of corticomedul- 
lary differentiation are additionally influenced 
by renal function, cardiac situation, and medica- 
tion. US-guided renal biopsy is not necessary, and 
additional imaging is indicated just for queries 
related to chronic or end-stage renal failure or for 
transplantation workup. 


5.1.5 Syndromal Cystic Renal Disease 

There are a number of hereditary and nonheredi- 
tary syndromal cysts as well as cysts in aneuploi- 
dies (Table 1, 2, and 3). They can present as 
multiple renal cysts, as GCKD and MCDC, or as 
ARPKD and ADPKD (Bernstein 1973, 1976, 
1979, 1993b; Donaldson et al. 1985; Kissane 
1990; McDonald and Avner 1991; McDonald 
et al. 1997; Watkins et al. 1997). The pediatric 
radiologist needs to consider these entities for 
differential diagnosis and further diagnostic 
imaging of associated malformations or abnor- 
malities (Fig. 8); otherwise, the presentation and 
imaging of syndromal renal cysts does not differ 
from the imaging of the other cystic renal entities 


and is usually addressed by US only — comple- 
mented by MR (or CT) in complications. 


Take Away 

Cysts within enlarged kidneys and cystic 
abnormalities of other abdominal paren- 
chymal organs are suggestive of a heredi- 
tary polycystic kidney disease. Many of 
these converge on a common pathogenic 
pathway centered at the cilium-centrosome 
complex. However, a broad variation in 
onset, clinical manifestation and radiologi- 
cal features can make early differential 
diagnosis difficult. Imaging in pediatric 
patients usually is accomplished by US; for 
evaluation of complications, differential 
diagnosis and evaluation of extrarenal dis- 
ease as well as follow-up MRI has become 
the method of choice. 


5.2 Multicystic Dysplastic Kidney 


(MCDK) 


This entity represents a subgroup of renal dys- 
plasia (Bernstein 1971). MCDK is the most 
common cystic renal lesion in pediatric patients 
and the most common cause for an abdominal 
mass in neonates. The ipsilateral ureter com- 
monly is abnormal, atretic, and sometimes 
even absent, supporting the theory that MCDK 


Fig. 8 US in syndromal cystic renal disease: (a) A con- 
glomerate of tiny cysts detected by HR-US using HI and 
image compounding in an otherwise sonographically nor- 


mal neonatal kidney. (b) Echocardiography in the same 
patient reveals multiple cardiac echogenic tumors consis- 
tent with cardiac rhabdomyoma in tuberous sclerosis 
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results from early ureteral pathology during 
nephrogenesis and may have a genetic aspect 
(Huland 1986; Woolf 1997; Srivastava et al. 
1999). Floating borders exist to high-grade 
UPJO and (obstructive) cystic dysplasia. It usu- 
ally affects the entire kidney, but rarely can also 
involve only a portion, e.g., in a duplex system, 
with atresia of the ureter of the upper moiety 
(Diard et al. 1984; Jeon et al. 1999) 

The contralateral kidney is normal in 66% 
except for compensatory hypertrophy (if absent, 
hypo-/dysplasia must be suspected). However, 
contralateral kidneys are slightly more disposed 
to positional or rotational anomalies. Associated 
urinary tract anomalies are present in one third 
(low degree UPJO in 12%, VUR in 20%). 
Furthermore, associated ipsilateral genital 
anomalies are found in up to 50%, such as cystic 
dysplasia of the rete testis or the seminal vesicle 
or uterine fusion defects (Greene et al. 1971; Ring 
et al. 1990; 1993; Kiechl-Kohlendorfer et al. 
2011) (Fig. 9c, d). Rare bilateral manifestations 
(in some series up to 20 %) are incompatible with 
extrauterine life and may have some underlying 
genetic preposition (Griscom et al. 1975). 
Associated additional anomalies of other organs 
may be present such as atresia of the gastrointes- 
tinal tract, impaired cardiac septation, or myelo- 
meningocele. These extrarenal malformations 
relate to the time of an insult during ontogenesis 
rather than to the nature of that hypothetical event. 

Clinically, MCDK is commonly detected by 
prenatal US screening or presents neonatally as 
a palpable abdominal/flank mass. The natural 
history of MCDK may vary. The mass often 
shrinks and disappears, making surgery unnec- 
essary (Gordon et al. 1988; Orejas et al. 1992; 
Ring et al. 1993) (Fig. 9e). Management focuses 
on monitoring spontaneous regression and/or 
on detection of complications such as continu- 
ing growth with compression of adjacent struc- 
tures, inflammation, hemorrhage, or even 
tumors arising within the mass then necessitat- 
ing surgery (Hoyer 1996b; Krull et al. 1990; 
Kullendorff 1990). 

Imaging is initially focused on establishing 
the diagnosis, to confirm a normal contralateral 
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renal unit and to rule out associated anomalies. 
This usually is achieved by US, scintigraphy, 
and VCUG/ce-VUS. In case of duplex sys- 
tems or a dilated contralateral collecting renal 
system or segmental MCDK, as well as in 
patients with complex malformations or small 
renal buds as a remnant of such an shrunken 
MCDK, MR urography (MRU) has become the 
accepted imaging tool, replacing IVU when- 
ever available (Borthne et al. 1999; Riccabona 
et al. 2002; Riccabona et al. 2004a, b) (Fig. 9c). 
Conventional gray-scale US shows a multicys- 
tic structure with some big and some smaller 
cysts that do not communicate and possibly 
some central echogenic, nondifferentiated tis- 
sue components (Avni et al. 1986; Hoyer 1996) 
(Fig. 9a). Duplex Doppler and (a)CDS may be 
helpful to depict areas with persisting perfu- 
sion, which may be prone to create complica- 
tions, or may help to establish the differential 
diagnosis (Riccabona et al. 1993a, b; Hendry 
and Hendry 1991) (Fig. 9b). Follow-up is usu- 
ally performed by US. And the initial US study 
should always include a comprehensive assess- 
ment of all other regions with a potentially 
associated malformation such as the neonatal 
spinal canal or the genital system — particularly 
in baby girls, the latter is best assessed already 
in the neonatal age with physiologic stimula- 
tion of the inner female genital structures and 
using a sophisticated technique in case of suspi- 
cion such as US genitography (Riccabona et al. 
2014). Additional complications or arising sus- 
picion of malignancy may necessitate further 
imaging (CT, MRI). 


Take Away 

The task of imaging is to establish diagno- 
sis (US, MRI, or scintigraphy), to evaluate 
the contralateral system and associated dis- 
ease or (particularly genital) malformation 
(VCUG/ce-VUS, US genitography, MRI), 
and to follow-up MCDK (monitoring invo- 
lution = US, evaluating complications = US, 
MRI). 
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Fig.9 US (and MRI) in MCDK: (a) US images showing 
longitudinal section of multiple, non-corresponding cystic 
masses and some echogenic-dysplastic, non-differenti- 
ated parenchyma (arrow). (b) CDS demonstrates vascula- 
ture in the echogenic dysplastic parenchymal part of this 
MCDK. (c) 3D reconstructed MRI image of a MCDK 


5.3 Medullary Sponge Kidney (MSK) 
MSK is rare in pediatrics; some cases are familial 
with an autosomal dominant inheritance; how- 
ever, it is considered a congenital disorder char- 
acterized by cystic dilatation of the collecting 
tubules (Fabris et al. ). It can be segmental 
or may affect the entire kidney (Yendt 1990; 
Kissane ; Avner | ; Watkins et al. ). 
Today it is listed within the group of medullary 
cystic diseases. Usually MSK manifests in adults 
showing multiple medullary, peripapillary cen- 
tered cysts with secondary calcifications, hyper- 
calciuria with nephrolithiasis and hematuria, and 
infection. 

US may lack sensitivity in the very early stages: 
the kidney may look sonomorphologically normal, 
or — at a slightly delayed stage — the kidney may look 
similar to early stages of medullary nephrocalcinosis, 


with associated cystic dysplastic malformation of the ipsi- 
lateral seminal vesicle and rete testis, also demonstrated 
by US on a transversal section behind the bladder (arrow) 
(d). (e) US of spontaneous regression/involution of an 
already relatively small MCDK (arrow) in a longitudinal 
section 


with normal sonomorphology of the cortex and 
hyperechoic patches throughout the medulla focus- 
ing on the papilla and some ectatic tubuli 
(“Christmas-tree” phenomenon, Patriquin and 
O’Regan ). Later on, multiple calcifications as 
well as nephrolithiasis with or without obstruction 
may be observed on plain films and on US (Fig. 10c). 
As IVU is an excellent diagnostic tool in the 
diagnosis particularly of early stages of MSK 
(“paintbrush-like” appearance) and also of its 
complications such as an obstructing calculus, US 
and (as one of the few exceptions) IVU with plain 
film still form the mainstay of imaging in this 
query — other imaging is not used routinely 
(Palubinskas ) (Fig. ). CT shows a typical 
pattern, with radial patchy contrast in the pyramids 
on the excretory (late) phase of a multiphasic 
contrast-enhanced scan, and is increasingly used 
particularly in adults (Fig. 9b). MRI is very sensitive 
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Fig. 10 Medullary sponge kidney: (a) IVU of a segmen- 
tal MSK (arrow) in a child, with corresponding late phase 
CT image (b). (c) Plain film of severe diffuse disease with 


toward detecting even small cysts that might be 
missed on US, but has restrictions in visualizing 
small calcifications. CT and MRI may become nec- 
essary during follow-up, as MSK may be associated 
with hemihypertrophy syndromes and as such bears 
a slightly higher risk of Wilms’ tumor (Hoyer 
1996b). 


Take Away 

MSK is diagnosed by US and IVU/plain 
film, but US may miss subtle changes in 
very early disease. If complications and 
malignancy occur, CT and MRI become 
useful. 


5.4 Simple Renal Cyst 


and Acquired Renal Cyst 


Simple renal cyst can occur spontaneously or may 
be familial. They are rare in childhood with a 
reported incidence of 0.22% (Baert and Steg 
1977; McHugh et al. 1991). Simple cysts do not 
bare any consequences or associated risks except 
for a few occasions, when growing cysts lead to 
hypertension, compression of adjacent structures, 
and possibly obstruction of the collecting system 


bilateral clotty medullary calcifications and distal ureteral 
calculi in an adolescent patient 


(Churchill et al. 1975). In these rare cases, 
US-guided puncture/drainage with instillation of 
sclerosing agents (alcohol, tetracycline, Gelet 
et al. 1990; Reiner et al. 1992) may be an 
alternative to operative treatment or endoscopic 
surgery (Fig. 11c). In adults, cysts are much more 
common (up to 50 %); therefore, the development 
of simple renal cysts may be seen as a normal 
aging phenomenon (Baert and Steg 1977; Tada 
et al. 1983). 

Acquired cysts can occur in post-traumatic 
and post-inflammatory (tuberculous, etc.) settings 
or spontaneously develop in kidney parenchyma 
during chronic renal failure and dialysis (Dunill 
et al. 1977; Leichter et al. 1988; Hogg 1992; see 
also chapters “Renal Agenesis, Dysplasia, 
Hypoplasia, and Cystic Diseases of the Kidney” 
and “Renal Failure and Renal Transplantation”). 
As malignancy may develop in kidneys with 
acquired cysts such as in ESRD, even in the wall 
of such cysts, they need to be monitored (Bretan 
et al. 1986; Levine 1992). 

On US, simple cysts show clear, sharp margins 
and central anechoic fluid, with dorsal gain 
amplification. Some compression of the adjacent 
tissue may occur in big cysts (Fig. 11a, see also 
Figs. 7a, and 8a). Usually they are detected 
incidentally; only rarely they present with clinical 
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Fig. 11 Simple renal cyst: (a) A radiologically simple, 
but big renal cyst of the lower pole of the left kidney on 
US with compression of parenchyma, in a longitudinal 
section, in a 4-year-old boy. (b) CT demonstrates a simple 
cyst (asterisk) with compression of the renal hilus/hilar 


structures in an 8-year-old girl who was consecutively 
operated on. (c) US of the postoperative situation of 
patient in Fig b with echogenic (= fatty) tissue in the for- 
mer cyst (+ +) on a transverse section 


Fig. 12 Cystic nephroma Segmental cystic nephroma 
(arrows) on multiphasic contrast-enhanced CT (a-c), longi- 
tudinal US section (d), and axial MRI (T1-weighted con- 


signs of a renal mass (Siegel and McAlister ). 
However, if cysts are multilocal, multiloculated, 
or bilateral, differentiation against ADPKD may 
be difficult (Davidson and Hartman ; Hoyer 

b). If a CT is performed (as may become 
necessary in complicated cases if MRI is not 
available, or for other reasons), the localized 
spherical fluid accumulation has between 0 to 20 
Hounsfield units (HU) and sharp borders without 
any contrast enhancement when using 120 kV 
(Bosniak 1986) (Fig. ). On MRI, the typical 
fluid signal without gadolinium enhancement is 
observed (Bosniak Ds 


trast-enhanced image) (e); this was discovered incidentally 
after blunt abdominal trauma when US and then CT was 
performed, the MRI was during follow-up before surgery 


Differentiation against a calyceal cyst may be 
difficult on US. MRI may be helpful for this dif- 
ferential diagnosis demonstrating a delayed 
filling (of the cyst) with contrast material relative 
to the renal excretion into the collecting system; 
thus, delayed scans are necessary to avoid miss- 
ing the contrast filling of such a calyceal cyst 
(Fig. ). If MRI is not available, this phenom- 
enon with the same procedural implications will 
be diagnostic also on IVU or CT. 

Acquired cysts look similar to normal cysts on 
US, except for post-traumatic and inflammatory 
cysts — the latter two may be multiloculated or 
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septated, may show sedimentation, and may 
demonstrate somewhat irregularly shaped 
margins (Hoyer 1996 a, b) (Fig. 12, see also 
Figs. 6 and 11). These cysts must be treated like 
complicated renal cysts necessitating follow-up 
or — in cases without adequate history — MRI (or 
CT). Definite differentiation against cystic renal 
tumors may sometimes only be achieved by (CT- 
or US-guided) biopsy, particularly in case of 
(secondary) hemorrhage into the cyst with conse- 
quently higher HU values on CT or enhancing 
septae on MRI (Fig. 12) (see also chapter 
“Neoplasms of the Genitourinary System’). 


Take Away 

Simple and acquired renal cysts are rare in 
infancy and childhood. US usually detects 
them as an incidental finding. Possible mani- 
festation of a polycystic or dysplastic renal 
disease must be considered necessitating at 
least a follow-up and nephrourologic checkup. 


5.5 Complicated Renal Cyst, 
Multiloculated Cyst, and Cystic 


Renal Tumor 


Complicated cyst is a term deriving from descriptive 
radiology. The exact definition varies depend- 
ing on the imaging modality applied and the age 
of the patient. A complicated cyst is defined as a 
cystic lesion with some abnormalities, therefore not 
matching all criteria necessary for a simple cyst, 
which are small size, clear and sharp margins, no 
echoes or contents in the clear fluid, no parenchy- 
mal part or inclusion, and no contrast enhancement 
Cif ce-CT/ce-MRI is used for assessment; see also 
Bosniak’s CT-based classification of renal cysts) 
(Figs. lc, 6a, and 11). The radiological changes of 
such a complicated cyst may originate from sec- 
ondary hemorrhage or sedimentation of proteins 
and of membrane cells; calcifications may also 
occur, or infection may be present (Fig. 12b, d). 
Differentiation of these cysts, usually discovered by 
US, is essential and achieved in part by ce-MRI (ce- 
CT), in part in conjunction with clinical and labora- 
tory findings (Table 5). 
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Table 5 Differential diagnosis of a complicated renal 
cyst 

“Simple cyst” aggravated by: 

Secondary hemorrhage 

Sedimentation 

Inflammation 

Acquired cysts 

Posttraumatic 

Inflammatory cyst (abscess, tuberculoma) 

Infected calyceal cyst with sedimentation and calculi 
Partially thrombosed vascular aneurysm 

Necrotic area after infarct, abscess 

Cystic malformation: 

Segmental MCDK 

Dysplastic cysts (obstructive dysplasia) 


Multilocular cyst and multilocular cystic nephroma 


Manifestation of congenital (poly-)cystic kidney 
disease (particularly ADPKD) 

Cystic renal tumor 

Necrotic hamartoma, capillary hemangioma, vascular 
malformation, bleeding in an angiomyolipoma, and 
other cystic benign renal tumors 


Cystic Wilms’ tumor, cystic mesoblastic nephroma 


Cystic carcinoma and other, partially necrotic or 
cystic, malignant renal tumors 


This table lists the most important entities that have to be 
considered for differential diagnosis of complicated renal 
cysts 


On CT, a renal cyst is usually categorized 
into three classes of suspicion using the Bosniak 
classification (Bosniak 1986): a single, sharp 
bordered cyst with clear fluid (= I°, = simple 
cyst); a slightly complicated cyst with either 
septations or complicated fluid (HU>20), but 
without parenchymal structures and without 
contrast enhancement (= II°); and an already 
very suspicious cyst with additional nodular 
wall irregularities (= HI°). A cystiform structure 
with contrast enhancement should be handled as 
a renal mass (= IV°) (Bosniak 1991). As even 
CT can sometimes not rule out malignancy, only 
histology can precisely categorize the lesion in 
these situations and then is compulsory to find 
or rule out malignancy. The same general 
appearances also apply to MRI, which is more 
eagerly used in children due to its lack of radia- 
tion burden and its higher soft tissue differentia- 
tion potential. 
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The multicystic nephroma and multilocu- 
lated cysts often pose a diagnostic problem; 
various classifications of these closely related 
entities have been suggested (Takeuchi et al. 
1984; Theissig et al. 1986; Upadhyay and 
Neely 1989; Strand et al. 1989; Domizio and 
Risdon 1991; Wood 1992). Histology is not 
definite and is only used to rule out malig- 
nancy; often it demonstrates some amount of 
dysplasia, thus suggesting a form of cystic dys- 
plasia with secondary changes similar to seg- 
mental MCDK or Ask-Upmark kidney (i.e., 
segmental renal dysplasia) (Arant et al. 1979). 
There are no clinical symptoms, although 
microscopic hematuria may occur, or an 
abdominal mass may be palpable. 

In multiloculated cysts, US shows multiple, 
non-confluent, cystic areas, with relatively 
sharp margins, and compression of the adjacent 
tissue creating an increased echogenicity of the 
less differentiated adjacent tissue that may be 
difficult to evaluate and differentiate even on 
multiphasic contrast-enhanced CT or ce-MRI 
(Fig. 13). The remaining rest of the kidney has 
a normal parenchyma, yet may show disturbed 
perfusion due to compression; sometimes these 
changes are detected prenatally (Riccabona 
et al. 1999a,b). 

Various renal tumors may present as a cystic 
renal mass (Takeuchi et al. 1984; Fitch et al. 1985; 
Dodat et al. 1988; Babut et al. 1993). Unclear or 
nodular margins, increased echogenicity of the 
content or areas of (atypically) perfused tissue 
and septations within the cystic mass, as well 
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as (local) contrast enhancement on MRI or CT 
may indicate a cystic renal tumor and neces- 
sitate further diagnostic workup. Sonographic 
methods such as CDS and aCDS as well as HI or 
the use of ultrasound contrast-enhancing agents 
can be helpful already in the initial sonographic 
workup (Riccabona et al. 1993a, b; 1999b; Kim 
et al. 1999) (see also Fig. 11c, d). The important 
task of imaging is to help to differentiate other 
similar entities such as unilateral presentation 
of polycystic kidney disease, inflammation, cys- 
tic aneurysm of the renal artery, arteriovenous 
fistula or arteriovenous malformation, abscess 
formation, or hemorrhage into a renal infarc- 
tion. It is used to rule out progressive disease 
or malignancy. Differentiation of sonographi- 
cally questionable findings usually is addressed 
by performing additional dynamic contrast- 
enhanced MRI. In modern pediatric imaging, 
multiphasic contrast-enhanced helical CT is used 
more reluctantly due to the relatively high radia- 
tion exposure and the increasing availability of 
MRI. US is then again used for monitoring these 
patients. In cases with equivocal findings, US- or 
CT-guided biopsy and puncture/drainage may be 
of diagnostic value; sometimes primary surgical 
intervention, open biopsy, and removal become 
necessary (see chapters “Surgical Procedures and 
Indications for Surgery” and “Neoplasms of the 
Genitourinary System’). 

Tumors have to be recognized and imaged 
appropriately. Many tumor entities can present as 
a cystic renal tumor; the histology ranges from 
benign renal neoplasm to cystic Wilms’ tumor, 


Fig. 13 Complicated renal cyst: (a) US demonstration of 
a complicated cysts with septations and internal daughter 
cysts; (b) US demonstrates sedimentation and inhomoge- 
neity within a complicated renal cyst after hemorrhage into 
a septic embolic renal infarction; (c) vascularization within 
a septum in a septated renal cyst, demonstrated by aCDS 


(arrow); (d) contrast-enhanced aCDS (Levovist®, 
Schering, Berlin, Germany) demonstrates lack of perfusion 
and — much better than initial grey scale US — delineates 
the small renal abscess (= complicated cyst with sedi- 
mented echogenic material, without perfusion) in the 
upper pole of a right kidney on this longitudinal section 
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cystic mesoblastic nephroma, and cystic renal 
adenocarcinoma (Theissig et al. 1986; Babut et al. 
1993; Upadhyay and Neely 1989). The detailed 
and definite diagnosis is often only made 
histologically as imaging features may not be 
characteristic in the individual case (see chapter 
“Neoplasms of the Genitourinary System”). 


Take Away 

In pediatric patients, renal cysts are gener- 
ally detected by US. If they look like com- 
plicated cysts and do not match any entity of 
congenital polycystic renal disease, they 
should be studied by additional imaging 
such as ce-MRI (for complicated cysts and 
suspected malignancy or for differentiation 
of calyceal diverticula). If there are still 
equivocal findings, they should be moni- 
tored or — particularly when showing growth 
or atypically vascularized areas — should 
undergo biopsy/operation. 


6 Summary 


Renal hypoplasia, dysplasia, and cystic renal dis- 
eases comprise many entities that sometimes are 
diagnostically challenging. However, many of 
them have a common pathogenetic pathway on a 
cellular and genetic level centered at the cilium- 
centrosome complex (“ciliopathies”); addition- 
ally the composition of the uromucoprotein 
“uromodelin” appears to play a major role. With 
the help of the clinical information, the onset and 
patient age, the family history, and the genetic 
results, diagnosis can be made in the majority 
of cases without invasive procedures. The loca- 
tion and size, distribution and onset of cysts, and 
parenchymal abnormalities (as usually described 
on US) can help to narrow the list of differen- 
tial diagnoses (Fig. 6a); still suspicion of chronic 
glomerulonephritis with end-stage renal disease 
or of a renal cystic tumor/malignancy may neces- 
sitate US- or CT-guided biopsy. 

Usually US (and sometimes VCUG/ce-VUS) 
are sufficient as a first imaging step; only some- 
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times MRI or even CT or angiography may 
become necessary. IVU has been replaced by 
MRI; only rarely it is still used for differential 
diagnosis and some specific conditions — particu- 
larly if MRU is not available. New findings in 
molecular genetics will further improve non- 
imaging diagnostic capabilities, but variations in 
expression of the same genetic condition will still 
necessitate individual imaging in assessing the 
state and/or manifestation of a disease. 
Furthermore, rapid improvement in MRI tech- 
niques will probably more and more entitle these 
entities to MR diagnosis in the pre- and postnatal 
setting. At diagnosis, US may also help in assess- 
ing associated malformations. 

Once the diagnosis is established, the task of 
imaging is to help monitor these patients — either 
the progression or resolution of disease, or the 
state of the contralateral kidney as well as of 
potentially associated disorders. Although no 
curative treatment exists for many cystic renal 
disorders to date, modern treatment and support- 
ive means help to avoid complications in most 
children, thus enabling adequate growth and 
delayed onset of renal insufficiency and in end- 
stage renal disease improving the chances for 
dialysis and renal transplantation. 


Take Away 

As the “simple renal cyst” is — unlike in the 
adult population — rather uncommon in 
childhood, a thorough workup and 
follow-up of even incidental findings are 
compulsory. 
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1 Introduction 


The renal parenchyma is divided into three main 
compartments: 


e The cortex with glomeruli which create the 
primary ultrafiltrate, the juxtaglomerular 
apparatus and the cortical proximal and distal 
tubules, which are responsible for processing 
the primary urine, thereby maintaining body 
homeostasis 

e The medulla including the Henle loop per- 
forming salt and water reabsorption, involved 
in concentrating and diluting mechanisms, 
and medullary collecting ducts for final reab- 
sorption draining the urine through the papilla 
into the renal collecting system 

e The interstitium, i.e. connective tissue and 
vasculature, of both compartments (cortex and 
medulla), including lymphatic tissue 


Renal parenchymal disease (RPD) is defined 
as a disease that involves one or more compart- 
ments of the renal parenchyma (see also chapter 
“Renal Parenchymal Disease”). Although dif- 
ferent segments of the nephron, the interstitium 
and the vasculature may be affected simultane- 
ously or may become secondarily involved, 
RPD is generally classified into glomerular, 
tubular, interstitial and vascular disease and will 
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be discussed in this order. The causes for similar 
histological changes and similar imaging 
appearances of affected kidneys may vary; the 
same disease can manifest in different ways 
with a wide range of histology. Furthermore, 
renal parenchyma may be affected by inherited 
diseases or may become secondarily involved in 
systemic disease such as metabolic disease, 
storage disease, infection (e.g. HIV) or sepsis, 
perfusional disturbances, autoimmune disease 
and malignant disease (metastasis, leukaemic 
infiltration, etc.). 

Some of the many causes for RPD are dis- 
cussed and described in other chapters of this 
book, e.g. infection and abscess (see chapters 
“UTI and VUR and Imaging in Urinary Tract 
Infections’), renal failure (see chapters “Renal 
Failure and Renal Transplantation and Imaging 
in Renal Failure, Neonatal Oligoanuria, and 
Renal Transplantation”), cystic and dysplastic 
renal disease (see chapter “Imaging in Renal 
Agenesis, Dysplasia, Hypoplasia and Cystic 
Diseases of the Kidney”), nephrocalcinosis (see 
chapters “Urolithiasis and Nephrocalcinosis and 
Imaging of Urolithiasis and Nephrocalcinosis”), 
changes in congenital urogenital malforma- 
tions (including obstructive dysplasia, see chap- 
ters “Anomalies of Kidney Rotation, Position 
and Fusion, Congenital Urinary Tract and 
Obstructive Uropathy, Congenital Anomalies of 
the Renal Pelvis and Ureter, and Upper Urinary 
Tract Dilatation in Newborns and Infants and 
the Postnatal Work up of Congenital Uro- 
nephropathies”), traumatic changes (see chapter 
“Urinary Tract Trauma”) or malignant lesions 
(see chapter “Neoplasms of the Genitourinary 
System”). This chapter concentrates on imaging 
in the “classic entities” of RPD and only briefly 
addresses miscellaneous entities such as involve- 
ment in metabolic and autoimmune disease. The 
clinical background including presentation and 
symptomatology is discussed in chapter “Renal 
Parenchymal Disease”. 

This chapter aims to follow the clinical prac- 
tice in a paediatric radiology department. The 
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main findings on initial/primary imaging are 
listed — generally performed by ultrasonography 
(US) — as established in paediatric radiology lit- 
erature and paediatric US textbooks (Babcock 
1989; Deeg et al. 2014; Gordon and Riccabona 
2003; Hoyer 1996; Kettriz et al. 1996; Mettler 
and Guiberteau 1998; Riccabona et al. 2000, 
2001, 2002, 2008; Riccabona 2000, 2006a, b, 
Riccabona 2013, 2014a; Riccabona and Fotter 
2006; Siegel 1991, 1999; Slovis et al. 1989; Teele 
and Chare 1991; Toma 1991). Furthermore, these 
US findings are correlated with the presenting 
clinical symptom(s) and the clinical query, also 
with respect to the potential to offer important 
differential diagnostic clues. The possibilities 
and indications for useful additional and advanced 
imaging are discussed, and eventually the role of 
renal and extra-renal imaging during treatment or 
follow-up of patients with (chronic) RPD is 
described. 


2 Renal Parenchymal Disease 
and Renal Failure 


The clinical aspects of renal failure or pathologic 
urine sample findings are discussed in chap- 
ter “Renal Failure and Renal Transplantation”. 
The role of imaging in impaired renal function 
is to help define the origin (prerenal, intrinsic, 
postrenal — see Fig. 2 in chapter “Renal Failure 
and Renal Transplantation”), help with differ- 
ential diagnosis (Fig. la), monitor the disease, 
detect complications (Fig. 1b) and follow up 
thereafter/during treatment. Imaging heavily 
relies on US, and in many conditions, the imag- 
ing findings are unspecific but somewhat typical 
(Fig. 2). However, there are conditions where 
typical, nearly pathognomonic changes can be 
detected quite early by high-resolution (HR) US 
and may help to narrow the list of differential 
diagnoses (Fig. 3). 

In acute presentation many RPD patients 
present with some degree of acute renal failure 
(ARF -— nowadays named “acute kidney 
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Fig. 1 Ultrasound in pseudo-nutcracker syndrome (= nar- 
row crossing of left renal vein between the aorta and the 
superior mesenteric artery). (a) Colour Doppler sonogra- 
phy shows turbulent flow at the crossing of the left renal 
vein between the aorta and upper mesenteric artery. Note 
the marked change in diameter of the left renal vein. 


(b) Colour Doppler sonography-guided duplex Doppler 
evaluation at the side of the venous compression shows 
elevated flow velocity with arterialised pulsation in the 
left renal vein caused by propa gation of aortal pulsations 
(Courtesy Riccabona M, Pediatric Ultrasound. Fig 10.6b, 
Springer 2014) 


Fig. 2 Ultrasound findings in glomerulonephritis. 
Longitudinal (a) and axial (b) section of the right kid- 
ney showing renal enlargement and increased corti- 
cal echogenicity (compared to the adjacent liver) with 


broadened cortex, relatively small medulla and conse- 
quently accentuated cortico-medullary differentiation in 
glomerulonephritis. Note the perirenal and perihepatic 
fluid accumulation 


Fig. 3 High-resolution US of a neonatal left kidney. US 
demonstrates stringlike areas of increased echogenicity 
(arrow) in the renal medulla demonstrating early changes 
of tubular calcification using a 15-MHz high-resolution 


linear transducer and image compounding. The baby 
turned out to suffer from tyrosinosis. (a) Longitudinal sec- 
tion. (b) Axial section 
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injury” = AKI, see chapter “Renal Failure and 
Renal Transplantation”). AKI is defined as the 
sudden loss of renal function with or without 
oliguria, commonly due to acute tubular dam- 
age resulting from an ischemic/hypoxic or toxic 
insult. The decrease in glomerular filtration rate 
is an adaptive response to prevent massive 
losses of salt and water. Prerenal ARF results 
from renal hypoperfusion, often secondary to 
volume contraction. It implies that the kidneys 
are intrinsically normal and that renal function 
will normalise with restoration of renal perfu- 
sion. Intrinsic ARF due to acute tubular necro- 
sis (ATN) may evolve from prolonged prerenal 
ARF or after a severe primary renal insult. 
Except for very severe injuries with the vascu- 
lature involved in microthrombi formation 
leading to cortical necrosis, the prognosis of 
ATN is good. Postrenal ARF (acute obstructive 
uropathy) may develop into acute bilateral 
obstructive uropathy due to acute pressure ele- 
vation and subsequent reduction of renal blood 
flow (see also chapters “Renal Failure and 
Renal Transplantation and Imaging in Renal 
Failure, Neonatal Oligoanuria, and Renal 
Transplantation”). As arule, the mechanisms of 
renal injury are complex. For example, in myo- 
globinuria ARF (crush kidney) may occur as a 
consequence of renal vasoconstriction, endog- 
enous toxin-induced stress to tubular cells and 
precipitation of the pigment in the tubular 
lumen resulting in obstruction. ARF results in 
azotaemia, acidosis, perturbation of electrolyte 
balance and often fluid retention with hyperten- 
sion. ARF in neonates, infants, children and 
adolescents has many different and diverse 
causes (Table 1). 

Some causes of ARF such as cortical necrosis 
and renal vein thrombosis occur more commonly 
in neonates, whereas haemolytic-uraemic syn- 
drome (HUS) is more common in young chil- 
dren, and rapidly progressive glomerulonephritis 
(GN) generally occurs in older children and ado- 
lescence. Besides differentiating between these 
typical causes of ARF, imaging (i.e. mostly US) 
should try to answer whether this is likely to be 
even first single acute (“acute onset”), a manifes- 
tation of a chronic disease or an acute deteriora- 
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tion on the base of a chronic condition (“acute or 
chronic kidney injury”). Usually imaging starts 
with US and is complemented by modern US 
techniques and Doppler sonography [such as 
spectral Doppler analysis, colour Doppler sonog- 
raphy (CDS), amplitude-coded CDS (aCDS)]. 
Rarely, additional imaging such as MR or MR 
angiography and isotope studies (with the typi- 
cal pattern of delayed and flattened tracer uptake 
into the renal parenchyma by more or less 
impaired perfusion — depending on the underly- 
ing disease — and usually delayed and prolonged 
tracer transit into the collecting system and flat- 
tened/delayed tracer washout curves from the 
renal pelvis) are used, particularly for follow-up 
and for confirmation or evaluation of equivocal 
US findings. The initial imaging in RF should 
address the following basic questions (Table 2): 


(a) Renal size (enlarged=acute, small = chronic, 
but may be normal in early disease stage). 

(b) Renal parenchymal alterations (may hint to a 
certain disease entity; Table 2). 

(c) Dilatation of the urinary tract (obstruction, 
calculi > postrenal RF) (see also Sect. 3). 

(d) Renal perfusion (aCDS and spectral Doppler 

for additional information on DDx, normal 

vasculature or compromised perfusion, 

homogeneous/diffuse disease or focal 

impairment, resistive index [RI]) (see also 

Sect. 5). 

Intravascular volume (size of inferior cava 

vein, hepatic veins, right atrium, etc.), 

extravascular fluid collections (ascites, pleu- 

ral and pericardial effusion, etc.). 

(f) Do the information from items a-e allow a 
narrowing of the DDx or a differentiation of 
acute versus chronic RF and/or RPD (Table 2)? 


(e 


wm 


A congenital or acquired renal disease lead- 
ing to a substantial reduction of functioning 
nephrons results in chronic renal failure (CRF). 
A progressive decline of renal function ensues 
and CRF ultimately leads to end-stage renal fail- 
ure. As renal function deteriorates, various clini- 
cal symptoms emerge. As detailed in chapter 
“Renal Failure and Renal Transplantation”, 
acidosis, growth failure, renal osteodystrophy, 
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Table 1 The most common causes of ARF with regard to 
the major pathogenetic mechanisms: prerenal causes, 
intrinsic RF and postrenal aetiology 


Prerenal failure 
Dehydration 
Gastrointestinal losses 
Salt-wasting disease 


Third space losses (sepsis, trauma and nephrotic 
syndrome) 


Congestive heart failure 
Intrinsic renal failure 
Acute tubular necrosis 
Prolonged (irreversible) prerenal failure 
Ischemic/hypoxic 
Drugs and contrast media 
Toxins 
Urate nephropathy and tumour lysis syndrome 
Tubulointerstitial nephritis 
Glomerulonephritis 
Vascular lesions 
Haemolytic-uraemic syndrome (HUS) 
Cortical necrosis 
Renal artery thrombosis, renal vein thrombosis 
Infectious causes 
Obstructive uropathy (=postrenal failure) 
Obstruction in a solitary kidney 
Bilateral ureteral obstruction 
Urethral obstruction 


Modified from Andreoli (1999) — see also Table 2 in chap- 
ter “Renal Failure and Renal Transplantation” 


hypertension and anaemia are common manifes- 
tations and indicate more extensive and also 
extra-renal imaging — particularly during follow- 
up and when preparing for transplantation (see 
chapter “Imaging in Renal Failure, Neonatal 
Oligoanuria, and Renal Transplantation”). 


Take Away 

Clinical presentation and symptomatology 
of renal parenchymal disease vary widely; 
in-depth knowledge about the various clini- 
cal pictures and the implications on imag- 
ing is essential to understand the task of 
imaging and to properly serve our clinical 
colleagues as well as our small patients. 


583 


3 Primary Imaging 
Management 


In general patients with clinical symptoms and 
laboratory findings suspicious of renal disease are 
initially sent to US as the primary imaging modal- 
ity, mostly before the final diagnosis is estab- 
lished. The role of this initial study is to rule out 
other diseases like obstructive or refluxive 
uropathy, acute obstruction, nutcracker syndrome 
and renal tumours (that all might cause, e.g. hae- 
maturia), cystic renal disease and renal dysplasia 
(that might present with hypertension, proteinuria, 
tubular symptoms or even haematuria, e.g. in case 
of a medullary sponge kidney or nephrocalcinosis) 
or other pre-existing urinary tract malformations. 
The typical pattern of transient renal medullary 
hyperechogenicity in neonates represents a 
well-known neonatal physiological and transient 
condition that may aggravate under certain 
circumstances such as long-term frusemide appli- 
cation or antibiotic treatment, indometacin admin- 
istration, hyperviscosity or dehydration (Avni 
et al. 1983; Howlett et al. 1977; Riebel et al. 1993; 
Nakamura et al. 1999; Schulz et al. 1991; Slovis 
et al. 1993; Starinsky et al. 1994). We shall not 
discuss this entity here, as this is described in the 
respective chapters. 

Furthermore, the clinician may expect addi- 
tional information for differential diagnosis and 
disease status as provided by renal size (e.g. acute 
versus chronic disease, acute or chronic RF) and 
renal parenchymal echogenicity/sonomorphology 
(Table 2) or by renal perfusion (see Sect. 5). One 
of the key findings for most RPD is bilateral renal 
involvement; sometimes one may observe sec- 
ondary extra-renal findings such as ascites and 
pleural effusion (Fig. 2). The combined informa- 
tion on renal size, bilateral or unilateral involve- 
ment, structural pattern and clinical data may 
point out the differential diagnosis (Toma 1991; 
Piaggo et al. 1999). Information on intravascular 
volume and potential effusions will help judge the 
severity of the condition and is valuable for select- 
ing respective treatment measures. Generally, cor- 
tical hyperechogenicity (compared to the adjacent 
liver or spleen) with consecutively increased 
cortico-medullary differentiation in an enlarged 
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Table 2 Differential diagnosis of sonographic renal changes (Adapted from Perale 1992; Hoyer 1996). The typical 
sonomorphical appearances of various renal diseases with some hints for differential diagnosis are listed in three tables 
(Table 2a, normal parenchymal pattern but different renal size; Table 2b, diffuse parenchymal abnormalities; Table 2c, 
focal renal parenchymal alterations). Some entities are listed in more than one column; the other locations are then 
indicated by letters (A-C in Table 2a) and numbers (1-6 in Table 2b; 7—11 in Table 2c). Note that these tables try to 
create a systematic approach using usual (“general”) US appearance as a guide for differential diagnosis. However, 
cases with atypical presentation mimicking other entities may well be encountered 


Table 2a Differential diagnosis of sonographic 
renal changes: varying renal size with normal 
sonographic renal parenchymal pattern 


In utero drug exposure and infections 


Horseshoe kidney (B) 


A. 


Normal renal size 


Chronic glomerular disease x (3, 10) 


Normal kidney (5, 10) 
VUR (C) 


Non-cystic neonatal nephropathy 


Renal arterial thrombosis 


Table 2b Differential diagnosis of sonographic 


renal changes: diffuse abnormality of sonographic 


renal parenchymal pattern 
1. Large kidney with subcapsular hypoechoic rim 


Trauma (7, 8, 10) 


Contusion 


ARPKD* (2, 9) 


(Finnish) congenital NS (2) 


Vascular interruption 


Acute cortical necrosis* 


HUS (5) 


Renal vein thrombosis (3, 5, 7, 10, 11) 


CDG-Syx (5, 6) 


2. Diffusely increased echogenicity: large 


Acute PN (B, 4, 7, 8) 


ARPKD ® (1, 9) 


NS (B) 


ADPKD x (9) 


Acute GN (B, 5) 


GCKD x (9) 


Nephroblastomatosis (B, 4, 7, 8, 9) 


Congenital NS (1) 


Acute tubular necrosis¥ (5, 10) 


Bardet-Biedl syndrome* (9) 


. Increased renal size 


Lesch-Nyhan syndrome 


Compensatory hypertrophy 


Foetal hamartomatosis 


In contralateral disease, e.g. hypo-/dysplasia, RNP, 
cystic disease, nephrectomy 


Urate NP% (6) 


Acute medullary necrosis* 


Obstructive uropathy, neoplasm, agenesis 


Candida infection (6, 7) 


Uncomplicated duplication 


Renal dysplasia (dilated urinary tract) 


Organomegaly (9) 


Lymphangioma (intrarenal, mostly» ) 


Meckel syndrome 


Acute lymphoblastic leukaemia 


Zellweger syndrome 


3. Diffusely increased echogenicity: small 


Beckwith-Wiedemann sy 


Crossed fused ectopia 


MCDKD (9) 
Non-cystic 


Horseshoe kidney (C) 


Hypodysplasia (C) 


Acute PN (A, 4, 7, 8) 


Tamm-Horsfall sy (and TMHN, 6)* 


NS* (A) 


Renal atrophy 


Acute GN (A, 5) 


Obstructive NP (5) 


Leukaemia (2, 5, 8) 


Renal vein thrombosis (late, 1, 5, 7, 10, 11) 


Nephroblastomatosis (A, 4, 7, 8, 9) 


Chronic glomerular KD (C, 10) x 


C. 


Reduced renal size 


Chronic PN (7, 10) 


Simple hypoplasia 


RASt 


RNP/VUR (A) 
Partial nephrectomy 


Any chronic RPD 


Diffuse NC% 


Ectopic kidney 


Hyperparathyroidism (chronic) (6) 


Supernumerary kidney 


Fanconi KD (9) 


Other hypodysplasia 
Non-cystic dysplasia (3) 


Hypophosphataemic X-1 rickets (chronic) 


Cystinuria 


Oligomeganephronia 


Oxalosis 


Acute lymphoblastic leukaemia 
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Table 2 (continued) 


4. Diffuse hypoechogenicity Table 2c Differential diagnosis of sonographic renal 


Acute PN (A, B, 7, 8) 


Lymphoma (5, 7, 8, 10) 


changes: focal abnormality and submersion of 
sonographic renal parenchymal pattern 


Nephroblastomatosis (A, B, 7, 8, 9) 


7. Focal hyperechoic or complex abnormality 


5. Increased cortical echogenicity 


All entities of (6) 


Normal newborn (A, 10) 


Obstructive NP (B) 
Renal amyloidosis * (10) 


Intrarenal reflux in VUR 


Juvenile xanthogranuloma 


Elastic pseudoxanthoma* 


Diabetic NP* 


Renal vein thrombosis (1, 3, 5, 10, 11) 


Myoglobinuria*x 


Segmental infarct (8) 


Haemoglobinuria* 
HUS* (A) 


Acute segmental PN (lobar nephronia; A, B, 4, 8) 


Acute: 


Chronic PN (including pseudotumoural glomerular 
sclerosis; 3, 7, 10) 


Renal vein thrombosis (1, 3, 7, 10, 11) 


Tubular necrosis* (A, 10) 


(Micro)cystic KDs 
Abscess (8) 


GN (A, B) 


Candida infection (2, 6) 


Interstitial nephritis * 


Trauma (A, 8, 10) 


CDG syndrome (A, 6) 


Glomerulosclerosis *® (7) 


Neoplasm 


Benign (6, 9, 11) including angiomyolipoma 


Hepatorenal syndrome *x 


Burkitt lymphoma (4, 7, 8, 10) 


Malignant (4, 5, 7, 8, 10, 11) including Wilms’ 
tumour 


Acute leukaemia (B, 2, 8) 


6. Increased medullary echogenicity 


Nephroblastomatosis (A, B, 4, 8, 9) 
8. Focal hypoechoic abnormality 


Medullary NC x 


Segmental infarct (7) 


Hypercalciuria 


Acute focal PN (A, B, 4, 7) 


Hypercalcaemia 


Abscess (7) 


Williams syndrome 


Trauma (A, 7, 10) 


Distal tubular acidosis 


Hyperparathyroidism (3) 


Hamartomas 


Lymphomas (4, 5, 7, 10) 


Bartter syndrome 


Myolipoma (rare) 


Cystinuria 


Nephroblastomatosis (A, B, 4, 7, 9) 


Xanthinuria 


Malignancies 


9. Anechoic/cystic lesion 


Cystic hypodysplasia 


Drugs (Ca, ACTH, vit. D, frusemide, etc.) 


MCDKD (3) 


Others *® 


ARPKD (1, 2) 


Sickle cell disease 


Tyrosinaemia 


ADPKD x (2) 


GCKD* (2) 


Glycogenosis 


MSKD* (6) 


Multiple myeloma 


Cystic KDs 


Urate NP (2) 


Juvenile nephronophthisis* (6, 10) 


Shock, asphyxia 


Multiple malformations syndrome * 


Blood transfusion 


Tuberous sclerosis (7) 


Candida infection (2, 5) 


TMHN* (3) 


Meckel sy (B) 


Jeune syndrome 


CDG syndrome (A, 5) 


Zellweger syndrome (2) 


Juvenile nephronophthisis* (9, 10) 


Von Hippel-Lindau syndrome 


MSKD* (9) 


Multiple angiomas (7) 


Bardet-Biedl syndrome (2) 


(continued) 
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Table 2 (continued) 


Fanconi syndrome 


And many other syndromes 


Cysts 


Simple cyst 


Complicated cysts 

Cystic end-stage KD (“acquired cystic KD”) * 
Hydatid cyst 

Multilocular cyst 


Mesoblastic nephroma (7, 11) 
Nephroblastomatosis (A, B, 4, 7, 8) 
Cystic renal lymphangioma 
Wilms’ tumour (7, 11) 
10. Focal reduction of parenchymal thickness 
Normal kidney (A, 5) 
Lobar segmentation 


Lobulation 


Parenchymal junction line/defect 


Non-cystic congenital NP (A) 


Juvenile nephronophthisis* (6, 9) 


Renal amyloidosis» (5) 
Chronic glomerular KD (*C, 3) 
Chronic PN (3, 7) 
Tuberculosis 
Renal vein thrombosis (late; 1, 3, 5, 7, 11) 
Late stage of acute neonatal tubular necrosis (A, 5) 
Trauma (A, 7, 8) 
Treated lymphoma (4, 5, 7, 8) 
11. Submersion of parenchymal pattern 
Renal vein thrombosis (1, 3, 5, 7, 10) 


Xanthogranulomatous pyelonephritis 


Neoplasm 
Malignant (7, 9) 
Mesoblastic nephroma (7, 8, 9) 


* bilateral, NS nephrotic syndrome, Sy syndrome, KD 
kidney disease, chron chronic, PN pyelonephritis, GN 
glomerulonephritis, PN pyelonephritis, HUS haemo- 
lytic-uraemic syndrome, RNP reflux nephropathy, VUR 
vesicoureteral reflux, CDG-Sy carbohydrate-deficient 
glycoprotein syndrome NP nephropathy, GCKD glomeru- 
locystic kidney disease, TMHN transient medullar hyper- 
echogenicity of the newborn, MSKD medullary sponge 
kidney disease, NC nephrocalcinosis, RASt renal artery 
stenosis, MCDKD multicystic dysplastic kidney disease 


kidney corresponds with acute glomerular dis- 
ease. Reduction in size as well as a more or less 
inhomogeneously increased echogenicity with 
reduced cortico-medullary differentiation hint 
towards chronic RPD, particularly with both glo- 
tubulointerstitial involvement 


merular and 


M. Riccabona and E. Ring 


(Fredericks et al. 1989; Perale et al. 1988; Perale 
1992). Loss of cortico-medullary differentiation 
with normal cortical echogenicity may hint 
towards medullary disease, particularly in cases 
with medullary or papillary hyperechogenicity 
and consecutively reversed echogenicity pattern 
as seen in hypercalciuria, nephrocalcinosis, neph- 
rotoxicity of some drugs (e.g. chemotherapy), 
cystinosis and oxalosis. Dilatation and differenti- 
ation of the collecting urinary system depends on 
renal function — in polyuric RF the renal pelvis 
can be prominent; in poor functioning units, the 
renal pelvis may collapse and thus be invisible for 
US. Knowledge of hydration and diuresis is 
essential for adequate interpretation of particu- 
larly slight calyceal and pelvic dilatation, as even 
in severe acute obstruction, only little distension 
may be seen. Furthermore — in some diseases — 
US changes may precede clinical recurrence (e.g. 
HUS, IgA nephropathy), and the severity of 
changes (e.g. degree of hyperechogenicity of the 
renal cortex) may correlate with the severity of 
the disease (Hricak et al. 1982; Rosenfield and 
Siegel 1981). Advanced US such as high-resolu- 
tion imaging or Doppler evaluation may still offer 
more potential for differential diagnosis and may 
provide valuable information during the course of 
the disease (see Sect. 5). Some centres use stan- 
dardised diagnostic flow charts and imaging algo- 
rithms to evaluate typical clinical presentations; 
however, they are more commonly applied to 
other entities such as congenital urinary tract mal- 
formations than to RPD. 

Other modalities such as intravenous urography 
(IVU), CT or MRI are rarely used in the initial 
assessment, as they partially are expensive, inva- 
sive and not generally available, bare the risk of 
contrast-induced nephropathy or nephrogenic sys- 
temic fibrosis and yet are not specific to date 
(Diettrich 1990; Kettriz et al. 1996; Riccabona and 
Fotter 2006; Riccabona et al. 2010; Riccabona 
2015; Siegel 1999). Depending on the patient’s his- 
tory and the initial US finding (e.g. dilated collect- 
ing system with enlarged ureter, increased 
echogenicity of renal parenchyma, decreased renal 
size), voiding cysto-urethrography (VCUG) may 
be indicated to find or to rule out VUR associated 
with RPD. In suspected obstructive RPD/uropathy, 
dynamic isotope studies may be performed and 
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may show a flattened dynamic curve with delayed 
tracer uptake as well as prolonged tracer washout 
and diffusely speckled tracer rarefaction over the 
renal parenchyma (Mettler and Guiberteau 1998). 

Seldom renal parenchymal abnormalities con- 
sistent with RPD are picked up as an incidental 
finding on a study performed because of a differ- 
ent query, such as interstitial (septic) renal 
involvement and parainfectious GN in a septic 
patient, or RPD in a dystrophic child. 
Contrast-enhanced CT studies may demonstrate 
delayed and prolonged parenchymal enhance- 
ment with reduced cortico-medullary differentia- 
tion of enlarged kidneys in acute GN — but in 
general radiopaque intravenous contrast agents 
as administered for IVU or CT should be avoided 
in RPD with renal functional impairment; if these 
studies are performed, good hydration as well as 
diuretic measures are compulsory to prevent pos- 
sible contrast-induced nephropathy with renal 
damage such as papillary necrosis or even ARF 
(Erley and Bader 2000; Morcos 1998; Murphy 
et al. 2000; Riccabona 2014b). 


Take Away 

Clinical manifestation of RPD is unspecific, 
and symptoms vary. Primary imaging in 
RPD is generally accomplished by US and 
helps in the initial differential diagnosis but 
mainly rules out other disease entities. [VU 
and contrast-enhanced CT should be avoided 
to prevent contrast-induced nephropathy in 
cases with compromised renal function. 


4 Specific Imaging Findings 


4.1 Glomerular Disease 

In most congenital and inherited glomerular dis- 
ease entities, imaging studies are normal or 
uncharacteristic. US is used in the primary 
assessment and for renal biopsy; during follow- 
up radiology may additionally serve in imaging 
of potential complications such as leiomyomato- 
sis. These sequelae point out the role of imaging 
in dealing with some of these patients; further- 
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more, one has to consider these entities in patients 
with unilateral Wilms’ tumour and contralateral 
renal abnormalities and/or gonadal alterations/ 
dysgenesis and male pseudohermaphroditism, 
Wilms’ tumour, isolated diffuse mesangial scle- 
rosis and focal and segmental glomerulosclerosis 
(Barbaux et al. 1997; Denamur et al. 1999; 
Jeanpierre et al. 1998; Little and Wells 1997). 

In post-/parainfectious GN (renal), imaging 
plays a rather unimportant role, is restricted to 
US (including CDS) and shows findings just as in 
any type of GN with more or less enlarged kid- 
neys with a varying degree of altered parenchy- 
mal echotexture (Fig. 2) but never is diagnostic. 

Rapidly progressive GN defines a variety of 
severe glomerular diseases histologically defined 
by proliferation within Bowman’s space and for- 
mation of crescents (“crescentic nephritis”). 
Clinical presentation is an acute nephritic/ 
nephrotic syndrome with pronounced oliguric 
renal failure, hypertension and signs of volume 
overload. Underlying diseases include nearly all 
primary renal or systemic diseases with possible 
renal manifestation including IgA nephropathy, 
Henoch-Sch6nlein purpura, membranoprolifera- 
tive nephritis, systemic lupus erythematodes 
(SLE), Wegener’s granulomatosis and polyarteri- 
tis nodosa. The classical disease with crescentic 
nephritis and pulmonary haemorrhage is 
Goodpasture syndrome (Kluth and Rees 1999) 
caused by autoantibodies against the alveolar and 
glomerular basement membranes (GBM), but hae- 
moptysis is not restricted to this specific disease. 
Any patient presenting with nephritis and pulmo- 
nary haemorrhage may be in a nephrological 
emergency situation acutely requiring renal biopsy 
for correct diagnosis, as US and all other imaging 
are non-diagnostic. Additionally, (HR) CT of the 
lung may be performed for differential diagnosis 
of the pulmonary manifestation; renal granulomas 
(“pseudotumours,” e.g. in Wegener’s granuloma- 
tosis) must not be mistaken for renal neoplasm. 
Otherwise, US may not show much but bilaterally 
increased renal size and some increase of the corti- 
cal echogenicity; Doppler indices usually are nor- 
mal — only a halo sign (= reduced peripheral/ 
cortical perfusion demonstrated as a lack of colour 
on aCDS in the periphery of the renal parenchyma, 
creating a halo-like impression) may be seen in 
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patients with severe GN (Hoyer et al. 1999; 
Riccabona 2000, 2002, 2006a, b, c; Riccabona 
et al. 1997, 2001) (Fig. 4). Even during therapy 
imaging plays a marginal role, except for monitor- 
ing biopsy and renal size and eventually in the pre- 
transplantation workup. 

In IgA nephropathy imaging again is non- 
diagnostic and only used to rule out other dis- 
eases or to monitor renal changes during the 
course of the disease, where relapses may be pre- 
dicted by US changes. 

Henoch-Schénlein purpura (HSP) is a sys- 
temic vasculitis affecting the skin, joints, gut and 
kidneys. Nephritis in HSP and IgA nephropathy 
seems to be related diseases. US may show 
unspecific changes, may even be normal and 
probably reflects more the severity of the disease 
than the individual entity. Renal biopsy is indi- 
cated in cases presenting with acute nephritic/ 
nephrotic syndrome suggesting a rapid progres- 
sive nephritis, and if significant proteinuria per- 
sists for more than 3 months. No other imaging is 
used for diagnosis but may well be indicated for 
monitoring the patients during treatment. 

Some patients with idiopathic nephrotic syn- 
drome are prone to disease-related complications, 
such as acute renal failure due to hypovolemia, 
infections, thrombosis, hypertension and growth 
failure. Imaging is generally restricted to US that 


Fig. 4 Amplitude-coded colour Doppler sonography in 
glomerulonephritis (“halo sign”). Amplitude-coded 
colour Doppler sonography demonstrates a small cortical 
peripheral rim- or halo-like layer (+ ... +) with no colour 
signals, indicating peripherally reduced flow (in spite of 
normal RI values) in a patient with glomerulonephritis 


demonstrates bilaterally increased renal volume 
and unspecific diffuse changes of the parenchyma 
with usually increased echogenicity specifically 
of the cortex, as well as ascites and pleural effu- 
sion. The US changes correspond with the clinical 
course and sonographic normalisation may even 
precede clinical improvement. In persisting dis- 
ease renal biopsy is performed. 

Membranoproliferative GN and membranous 
glomerulopathy are chronic glomerular diseases 
with typical findings on renal biopsy specimen 
and a questionable prognosis in many cases. As 
diagnosis is made by renal biopsy, there is no 
specific role for further imaging — however, US 
and CDS studies are usually performed initially 
and during follow-up. 


Vascular 
and Tubulointerstitial Disease 


4.2 


Vasculitis (such as polyarteritis nodosa, micro- 
scopic polyarteritis or Takayasu’s disease) occurs 
in different diseases and syndromes in childhood. 
It is the predominant manifestation in certain rare 
disorders, and the pathogenetic mechanisms 
involved may be immune complexes, autoanti- 
bodies, cell adhesion molecules or miscellaneous 
factors. US including (a)CDS serves as the initial 
imaging tool and includes other abdominal 
organs and vessels; renal (and hepatic as well as 
cerebral) (MR) angiography is recommended in 
some of them (e.g. polyarteritis nodosa) and then 
frequently shows arterial aneurysms, segmental 
narrowing, variation in vascular calibre and 
infarctions (McLain et al. 1972). Ischaemia and 
infarctions may as well be visible as patchy areas 
of decreased isotope uptake on DMSA scanning. 
In microscopic polyarteritis, renal involvement 
as a rapidly progressive GN soon predominates 
the clinical picture, and there is also an associa- 
tion with lung disease, including pulmonary 
haemorrhage. In Wegener’s granulomatosis (a 
necrotising granulomatous vasculitis of the upper 
and lower respiratory tract, and GN, at times with 
a rapidly progressive course, nowadays renamed 
“granulomatosis with polyangiitis”’), radiology, 
including CT and MRI, of paranasal sinus and 
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chest contributes to the diagnosis, whereas renal 
US only shows non-specific tissue alterations. 
However, histological evaluation of affected tis- 
sue from the respiratory tract or kidneys is often 
needed. Furthermore, the disease may present as 
a renal pseudotumour on initial scans (“renal 
granuloma”) or may develop secondary bladder 
and/or prostatic disease (cystitis, cancer, etc.) due 
to treatment with cyclophosphamide (Verwijvel 
et al. 2000; Talar-Williams et al. 2000) and there- 
fore indicate regular imaging follow-up. Giant 
cell arteritis is an inflammatory vasculitis of the 
large arteries especially affecting the aorta and its 
major branches (D’Souza et al. 1998). Doppler 
US of the kidney, but also of other organs and 
vessels (sometimes additional transcranial CDS), 
echocardiography and (MR) angiography are 
essential for diagnosis, therapeutic decisions and 
prognostic. 

The haemolytic-uraemic syndromes (HUS) 
are a heterogeneous group of similar entities with 
variable expression and severity. Renovascular 
endothelial cell injury is central to the pathogen- 
esis, leading to platelet activation and intravascu- 
lar coagulation, haemolytic anaemia with 
fragmented erythrocytes, thrombocytopenia and 
renal failure. 

Imaging usually starts with abdominal and 
renal US (including Doppler investigations). 


Depending on the underlying entity and the 
severity of the disease, it may show more or less 
enlarged kidneys with increased parenchymal 
echogenicity as well as extra-renal changes of the 
bowel wall and ascites (Fig. 5b); alterations in 
renal perfusion are depicted as reduced vascula- 
ture on (a)CDS and increased RI (Garel et al. 
1983; Hoyer et al. 1999; Patriquin et al. 1989; 
Platt et al. 1991; Riccabona 2000). These Doppler 
findings may be valuable for predicting relapses 
or improvement and may even serve for prognos- 
tic considerations (Scholbach 1999a). CT, MRI 
and isotope studies are rarely used, although new 
reports on MRI evaluation of renal blood flow 
and perfusion may emphasise the future possible 
role of other imaging modalities in the initial dif- 
ferential diagnosis and prognosis, as well as for 
following up these patients (Vallee et al. 2000). 
However, depending on extra-renal manifesta- 
tions such as stroke or pancreatitis, additional 
imaging for the respective symptoms may 
become necessary and then may involve US, MR 
and even sometimes CT or angiography. 

Acute tubulointerstitial nephritis is a multi- 
factorial inflammatory disorder affecting the 
renal tubules and the interstitial space. Glomeruli 
and vessels may be affected secondarily. The 
contribution of radiology is restricted to US 
showing marked enlargement of the kidneys and 


Fig. 5 Sonography in haemolytic-uraemic syndrome 
(HUS). (a) Severe thickening of the bowel wall caused by 
severe E. coli enteritis (extended view sonography with 
tissue harmonic imaging). (b) Alteration of renal paren- 


chymal echogenicity in HUS, with duplex Doppler sonog- 
raphy showing elevated RI (RI=0.82) due to reduced 
diastolic flow velocity and increased renal vascular 
resistance 
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a more or less diffuse cortical hyperechogenicity 
(Hiraoka et al. 1996). Normalisation of kidney 
size seems to parallel improvement of renal func- 
tion; Doppler findings are unspecific and reflect 
primarily systemic changes and functional 
improvement. However, renal interstitial disease 
may be associated with elevated RI value. 
Numerous tubular disorders mostly are inher- 
ited diseases. Diagnosis is made by clinical, labo- 
ratory and genetic evaluation. There is little 
contribution of diagnostic imaging for primary 
diagnosis, but during the course of the disease, 
US is of value to show secondary parenchymal 
lesions or to detect side effects of therapy, as 
most tubulopathies important for imaging lead to 
nephrocalcinosis and/or urolithiasis. Cystinuria 
may serve as an example of a hereditary amino- 
aciduria leading to urolithiasis. Bartter syndrome 
and distal renal tubular acidosis (d-RTA) are dis- 
orders mostly characterised by nephrocalcinosis. 
The severe polyuria of nephrogenic diabetes 
insipidus may cause impressive dilatation of the 
upper urinary tract similar to urinary obstruction 
(“pseudo-obstructive” pattern). X-linked hypo- 
phosphatemic rickets are treated with calcitriol 
and phosphate supplementation — this again may 
lead to nephrocalcinosis; therefore, repeated 
skeletal radiographs are necessary to show ade- 
quacy of therapy concerning rickets, and renal 
US is recommended at regular intervals for early 
detection of nephrocalcinosis. 
4.2.1 Renal Parenchymal 
Involvement in Systemic 
Disease 
In SLE a generalised autoimmunity is present 
with autoantibodies directed against a variety of 
cell components. Renal manifestation is present 
in nearly two-thirds of children. Renal biopsy is 
crucial in all children with SLE who have abnor- 
mal urine findings and/or reduced renal function, 
because of its impact on initial treatment and 
prognosis. Since SLE is a systemic disease, a 
wide range of extra-renal manifestations may be 
present. The central nervous system, lungs, mus- 
culoskeletal system, skin, heart or gastrointesti- 
nal tract may be affected. Some patients with 
lupus nephritis have antiphospholipid antibodies 
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which have been associated particularly with 
renal arterial, venous and glomerular capillary 
thrombosis, valvular heart disease and cerebral 
thrombosis (Asherson et al. 1996). All these 
might indicate respective imaging in severe extra- 
renal manifestation, such as MR and CT in cere- 
bral involvement or echocardiography and 
cardiac MR in valvular heart disease. Renal 
imaging usually is performed by US. Depending 
on the state and severity of the disease, the kid- 
neys may look normal or appear as in GN; in 
severe renal involvement, one may observe 
rarefaction of vasculature on aCDS with elevated 
RI values in duplex Doppler (Fig. 6). Improvement 
and normalisation of Doppler findings correlate 
with clinical improvement. 

Sickle cell disease is an inherited haemoglo- 
binopathy with various renal manifestations. The 
increased blood viscosity, functional venous 
engorgement and interstitial oedema predispose 
the kidneys to ischaemia and infarction. Segmental 
scarring, interstitial fibrosis, dilatation of veins 
and capillaries and renal papillary necrosis are the 
result. Rupture of vessels may be the reason for 
severe haematuria, with the left kidney four times 
more frequently involved; furthermore, renal pap- 
illary necrosis may often be discovered in patients 
with macrohaematuria. Renal medullary carci- 
noma is associated with sickle cell disease and 
may also present with haematuria and flank pain, 
with the right kidney involved more often (Davis 
et al. 1995). When looking at these renal and 
extra-renal complications, the role of imaging 
becomes evident. The task of paediatric radiology 
is not the initial diagnosis, but rather the reliable 
monitoring, yet as noninvasively as possible, to 
detect any of these sequelae. Radiological investi- 
gations include US and (a)CDS as basic investiga- 
tions to show alterations of the renal perfusion 
(including screening for renal infarctions, Fig. 7; 
or transcranial CDS for cerebral complications, 
etc.) and to exclude other causes of haematuria 
such as urolithiasis. Increased echogenicity of 
renal pyramids in the absence of hypercalciuria is 
suggestive of sickle cell nephropathy. US may 
help to detect papillary necrosis or show renal 
medullary carcinoma that usually exhibits a lobu- 
lated pattern of the tumour, located within the 
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Fig. 6 Sonographic findings in lupus nephritis. (a) 
Unspecific changes of the renal parenchyma with reduced 
vasculature on colour Doppler sonography and increased 
RI (peripheral RI=0.75) on duplex Doppler in acute 


Fig. 7 Renal US in sickle cell disease. (a) Increased 
echogenicity of the medulla with consecutively inverted 
cortico-medullary differentiation. In the absence of hyper- 
calciuria, this pattern is typical for sickle cell nephropa- 
thy. (b) Amplitude-coded colour Doppler sonography of 
the right kidney (cross section) shows a segmental paren- 
chymal area without colour signals (arrow), consistent 
with a renal infarction in sickle cell disease 


severe lupus nephritis. (b) Normalisation of renal vascu- 
lature on amplitude-coded colour Doppler sonography 
with improvement of peripheral RI during treatment 
(prior to clinical normalisation) 


renal medulla, with areas of necrosis and haemor- 
rhage and satellite nodules in the renal cortex 
(Davidson et al. 1994). These entities definitely 
must be confirmed and evaluated by CT or 
MRI. DMSA scans, CT or MRI can be of value in 
special situations such as renal infarction or scar- 
ring as well as extra-renal sequelae of the disease 
(e.g. auto-splenectomy, cerebral infarction, vascu- 
lar aneurysm and bleeding, etc.). Uncontrollable 
severe renal bleeding may require angiography 
and selective embolisation. 

There are miscellaneous other systemic dis- 
eases with renal involvement. Renal sarcoidosis 
is a granulomatous disease of unknown aetiol- 
ogy, with multiorgan involvement. Renal involve- 
ment is mainly attributed to granulomatous 
interstitial infiltration and hypercalcaemia/hyper- 
calciuria (Casella and Allon 1993). US appear- 
ances are unspecific; other imaging (CT/MRI) is 
used to assess not only renal granulomas and 
pseudotumours but also manifestations in other 
body compartments (Herman et al. 1997). 

Hereditary amyloidosis encompasses a group 
of rare autosomal dominant disorders associated 
with deposition of protein fibrils in beta-pleated 
sheet configuration. Particularly in familial 
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Mediterranean fever, renal amyloidosis may 
present. Since amyloidosis is a systemic disease, 
other organs such as the thyroid gland may be 
involved as well (Mache et al. 1993). US shows a 
varying degree of diffusely increased echogenicity 
in bilaterally enlarged kidneys; the other findings 
(CDS, spectral Doppler, isotope studies) depend 
on the disease status and actual renal function. 

A variety of metabolic disorders may affect 
the kidneys and cause renal manifestations of 
metabolic disorders. The basic metabolic abnor- 
mality — eventually with a toxic metabolic prod- 
uct — can cause tubular dysfunction and tissue 
changes. Other disorders primarily lead to glo- 
merular damage with hyperfiltration, glomerular 
hypertrophy and progressive glomerulosclerosis. 
Metabolic disorders frequently do not present as 
primary renal diseases but show involvement of 
the central nervous system, the liver and the hae- 
matopoietic system. Most renal lesions are not 
specific for any metabolic disease. Nevertheless, 
the changes may be pronounced like the enlarged, 
hyperechoic kidneys sometimes with additional 
nephrocalcinosis or tubular crystal deposits in 
the medulla found in hereditary tyrosinaemia 
(Forget et al. 1999) (see Fig. 3). Another exam- 
ple are the CDG syndromes (= carbohydrate- 
deficient glycoprotein Sy), often showing kidney 
involvement with hyperechoic cortex or medulla 
and poor cortico-medullary differentiation at 
normal renal size (Hertz-Pannier et al. 2000). 
One disorder with deleterious effects for the kid- 
neys is primary hyperoxaluria type I which man- 
ifests as nephrocalcinosis and/or urolithiasis. 
Diabetic nephropathy is the most important sin- 
gle disorder leading to CRF during adulthood. 
As functional markers seem to correlate well 
with an increase of kidney volume on US 
(Cummings et al. 1998; Lawson et al. 1996), US 
could give valuable information for long-term 
monitoring of diabetic nephropathy that is 
mainly used in adults, but there is no indication 
for further renal radiological investigation par- 
ticularly in children except for the initial diag- 
nostic workup when the disease is diagnosed. 
Glycogen storage diseases (GSD) represent sev- 
eral enzymatic defects of glucose metabolism 
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with GSD type I as a main type for renal involve- 
ment. The metabolic derangement leads to 
hepatic storage of glycogen, hypoglycaemia, 
lactic acidaemia, hyperlipidaemia and growth 
failure. US can demonstrate hepatic and renal 
enlargement with unspecific diffuse alteration of 
the parenchymal echogenicity and texture. 
Furthermore, imaging with US, CT and/or MRI 
is used during follow-up, as focal hepatic lesions 
usually representing hepatic adenomas may 
undergo carcinomatous transformation as a seri- 
ous long-term complication (Wolfsdorf and 
Crigler 1999). In nephropathic cystinosis radio- 
logical investigations contribute little to the pri- 
mary diagnosis. Renal echogenicity may not be 
specifically increased on renal US; skeletal radi- 
ography can show rickets. Repeated US can con- 
tribute to monitoring therapy and — by detection 
of early changes of renal parenchymal/medullar 
echogenicity and cortico-medullary differentia- 
tion — help to prevent severe nephrocalcinosis 
(Saalem et al. 1995; Theodoropoulos et al. 
1995). Further, renal and extra-renal imaging is 
needed in CRF and after transplantation. 
Cystinosis encephalopathy is a long-term prob- 
lem in patients reaching adulthood after renal 
transplantation. Cerebral atrophy and cystine 
deposition — especially in the basal ganglia — are 
the predominant findings; there, CT and MRI 
can contribute significantly to diagnosis and fol- 
low-up (Broyer et al. 1996). 


Take Away 

RPD represents a vast variety of entities 
differentiated only by clinical, laboratory, 
histologic and genetic findings. US includ- 
ing (a)CDS as initial imaging usually is 
unspecific but contributes to the differential 
diagnosis and to monitoring. Imaging fur- 
thermore helps in renal biopsy, in evalua- 
tion of associated extra-renal disease and in 
detection of complications during the 
course of the disease — it then also involves 
all other imaging modalities. 
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5 Advanced Imaging 
5.1 Advanced Ultrasonography 
and Doppler Sonography 


Modern US techniques have widened the sono- 
graphic diagnostic potential in paediatric nephrou- 
rology (Riccabona 2000a, b, 2002; Riccabona 
et al. 2001, 2002, 2004, 2006a, b, c). High- 
resolution transducers allow for better tissue dif- 
ferentiation and depiction of tiny structures, 
helpful to early visualisation of subtle renal paren- 
chymal changes (e.g. tiny cysts, dilated tubules, 
small or tubular calcifications, etc.) (Fig. 3). 
(Tissue) harmonic imaging improves delineation 
of cysts and of the collecting urinary system; it 
furthermore enhances tissue differentiation and 
particularly improves visualisation of cortico- 
medullary differentiation (Choudhry et al. 2000; 
Desser et al. 1999; Girard et al. 2000). Contrast- 
enhanced US with new contrast-specific imaging 
techniques may further improve tissue evaluation 
by enabling dynamic studies of contrast inflow, 
uptake and washout; however, these techniques 
have not yet been evaluated extensively for appli- 
cation in paediatric RPD (Burke et al. 2000; 
Claudon et al. 1999; Girard et al. 2000; Riccabona 
et al. 2014a). Duplex Doppler and (a)CDS are 
applied to visualise vasculature and evaluate flow 
as well as flow pattern. In general, diseases lim- 
ited to the glomeruli do — relatively regardless of 
the severity of the disease — not affect the RI sig- 
nificantly or may even decrease RI (particularly 
inflammatory disease), whereas tubulointerstitial 
and vascular diseases may increase RI (Piaggo 
et al. 1999; Platt et al. 1990, 1991, 1997; 
Riccabona et al. 1993; Siegel 1995; Taylor 1994; 
Vade et al. 1993). However, all these findings still 
are affected by many other (systemic) factors and 
by renal function; therefore, they are just another 
part in the puzzle of the differential diagnosis; 
furthermore, there are age-related variations 
(Gill et al. 1994; Mostbeck et al. 1991; Vade 
et al. 1993). aCDS (and other modern flow imag- 
ing techniques such as “B-flow” or “SMI-flow”) 
improves visualisation of peripheral/cortical 
renal vasculature/perfusion that may help to 
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evaluate focal disease or diffuse alteration with 
reduced renal perfusion (Babcock et al. 1996; 
Bude et al. 1994; Gainza et al. 1995; Preidler 
et al. 1996; Riccabona et al. 1997, 2000, 2001; 
Rubin et al. 1994; Scholbach 1999a) (Figs. 4 and 
7). US elastography is being the most novel of 
these approaches — at present it is being studied 
for applications in paediatric RPD and particu- 
larly for monitoring renal transplants, but no 
definite information is yet available on its reli- 
ability and clinically useful applications. It 
seems as if renal US elastography is much more 
difficult and cumbersome than its well-estab- 
lished liver applications and influenced by a 
number of systemic factors such as hydration, 
body activity, size of the respective measured 
compartment (medulla or cortex) and US access 
(= US beam direction in relation to the main 
ultrastructural fibres and vessels). However, the 
combination of all these new and advanced 
modalities enables a noninvasive diagnosis of 
various parenchymal and perfusional distur- 
bances, as some examples may demonstrate: 


e Renal vein thrombosis may be an essential dif- 
ferential diagnosis in neonatal RPD. In renal 
vein thrombosis, arterial RI of the enlarged 
kidney with increased echogenicity is 
increased due to congestive changes and the 
backflow from the obstructed outflow tract, 
with better identification of this entity using 
high-frequency transducers (Wright et al. 
1996). The central renal vein may still be pat- 
ent in early stages of peripheral renal vein 
thrombosis or may show flow disturbances 
such as increased flow velocity and spectral 
broadening in partially thrombosed veins. In 
central renal vein thrombosis, no venous flow 
can be visualised. CDS can demonstrate 
regression of thrombosis and improvement of 
arterial perfusional waveforms during throm- 
bolytic treatment much earlier than clinical 
improvement or regression of greyscale find- 
ings. Remnants after renal vein thrombosis 
may be difficult to diagnose sonographically 
and may require additional imaging such as 
MR and (MR) angiography. 
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In (pseudo-)nutcracker syndrome the left renal 
vein is compressed. This leads to venous con- 
gestion of the left kidney creating intermittent 
haematuria and pain. The left kidney consecu- 
tively is asymmetrically enlarged; the left 
renal vein shows a marked change in diameter 
at the pre- or retro-aortal crossing, with ele- 
vated flow velocity, turbulent flow and arteri- 
alised pulsatility of the flow pattern due to 
propagation of the pulsation of the abdominal 
aorta [and superior mesenteric artery in 
pseudo-nutcracker syndrome (Scholbach 
1999b, c)] (Fig. 1). 

In inflammatory RPD (e.g. GN) the paren- 
chyma of the more or less enlarged kidney usu- 
ally shows an altered  cortico-medullary 
differentiation with varying changes of paren- 
chymal echogenicity. In early stages or in mild 
disease, perfusion patterns can be normal, or RI 
may be decreased due to increased diastolic 
flow velocity. In severe disease with compro- 
mised renal function, RI increases and eventu- 
ally even systolic flow velocities may decrease 
(Figs. 5 and 6). These findings reflect a com- 
plex system: various renal compartments may 
be affected in different diseases such as vascu- 
litis, inflammation, oedema or interstitial fibro- 
sis. Doppler findings are furthermore influenced 
by extra-renal factors such as heart rate and 
function, medication or blood concentration 
and therefore may vary and are not specific 
(Gill et al. 1994; Knapp et al. 1995; Kuzmic 
et al. 2000; Mostbeck et al. 1991). 

In HUS, severe GN and acute obstruction, RI 
is increased due to high renal parenchymal or 
vascular resistance (Garel et al. 1983; 
Patriquin et al. 1989; Platt et al. 1990, 1991; 
Riccabona et al. 1993). RI changes correlate 
well with the course of the disease and may be 
used as a prognostic factor. Differentiation of 
single event or recurrent disease in HUS with 
poorly differentiated, hyperechogenic kidneys 
may be supported by flow volume measure- 
ments that demonstrate reduced renal perfu- 
sion in patients with bad prognosis and poor 
outcome (Scholbach 1999b). However, note 
that in a chronic state, the RI may return to 
(pseudo-)normal values again. 
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e Evaluation of the amount of renal perfusion and 
assessment of flow profiles may be helpful for 
studying A/CRF. Phenomena such as the corti- 
cal halo, diffuse/focal vessel rarefaction on 
aCDS, increased RI values, reduced flow veloci- 
ties or atypical venous flow profiles in cardiac/ 
congestive renal failure are as unspecific as those 
changes observed in renal transplants (Figs. 4, 5 
and 6). However, they may help in the differen- 
tial diagnosis and hint towards a certain disease 
entity (Hoyer et al. 1999; Platt et al. 1991; 
Riccabona et al. 1997). They may furthermore 
serve as an additional valuable parameter for 
follow-up, as normalisation of these sonographic 
findings may precede clinical improvement. 

e Focal renal infarction, e.g. in sickle cell dis- 
ease or in vascular disorders that sometimes 
also cause hypertension, as well as other focal 
renal disease, can be detected using (a)CDS, 
in some cases even supported by administra- 
tion of intravenous echo-enhancing agents 
(Riccabona et al. 2000, 2014a) (Fig. 7). Other 
focal renal parenchymal changes such as pap- 
illary calcinosis or renal calcifications may be 
picked up by CDS using the “twinkling arte- 
fact” as a diagnostic tool (Cehfouh et al. 1998; 
Rahmouni et al. 1996). Thus, equivocal echo- 
genic spots on greyscale US without definite 
shadowing may be differentiated, reducing the 
need for ionising imaging in some patients 
and helping to narrow down the list of differ- 
ential diagnoses (e.g. papillary necrosis, dys- 
plastic calcifications and nephrocalcinosis). 
Another example is the multifocal regional 
perfusion defect observed as a nearly pathog- 
nomonic but short and transient phenomenon 
using aCDS in exercise-induced ARF. 


All these modern US modalities may also be 
incorporated in the initial imaging. This depends 
on local circumstances, diagnostic algorithms and 
individual facilities, equipment and staff. The more 
complex this modality becomes, the more these 
specific investigations need high-end equipment 
and sonographers who are skilled and experienced 
in properly handling this task in the paediatric pop- 
ulation — therefore, often these modern options are 
only used at specialised referral centres. 
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5.2 Renal Biopsy 
As discussed above, histological classification of 
RPD remains essential for therapeutic and prog- 
nostic assessment as well as for monitoring com- 
plications during treatment of RPD (e.g. 
cyclosporine A toxicity). Therefore, renal biopsy 
still is an essential tool in paediatric nephrology 
(see also chapter “Pediatric Genitourinary 
Intervention”). After the introduction of (usually 
sonographically) guided renal biopsy, the inci- 
dence of complications during and after the pro- 
cedure has been reduced. Nevertheless, there still 
exists a considerable risk for possible complica- 
tions such as intrarenal, perirenal, abdominal (in 
transplanted kidneys) and urinary tract bleeding 
(especially dangerous if a clot threatens to con- 
gest the urinary collecting system) as well as post- 
biopsy arteriovenous fistula (AVF) with its 
implicated potential sequelae (Diaz and Donadio 
1975; Dodge et al. 1962; Karafin et al. 1970; 
Merkus et al. 1993; Pälvänsalo et al. 1984; 
Proesmans et al. 1982; Riccabona and Ring 1995, 
1998; Zeis et al. 1976). Various contraindications 
for percutaneous needle biopsy have to be consid- 
ered: coagulopathies, uncontrolled hypertension 
and severe hydronephrosis as absolute contraindi- 
cations. Relative contraindications are abscesses, 
large cysts, severe pyelonephritis, tumours, some 
variants of abnormal vascular supply and single, 
ectopic or horseshoe kidneys. In these situations 
“open,” surgical renal biopsy allows a safe proce- 
dure and viewing of the kidney with specific 
selection of certain areas of interest. It further- 
more avoids the spread of malignant cells or 
infection. 

US-guided renal biopsy should be performed in 
a standardised fashion; respective recommenda- 
tions are available (Riccabona et al. 2014b, see also 
chapter “Imaging in Renal Failure, Neonatal 
Oligoanuria, and Renal Transplantation”). It is per- 
formed in prone position, with a percutaneous dor- 
sal access to the lower pole of the left kidney, often 
using a needle guide and potentially a coaxial 
technique; for renal transplants an anterior access 
in supine position is used (Fig. 8). One to three 
specimens are obtained under systemic analgo- 
sedation and ECG and pulsoxymetric monitoring 
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using a 16-20 gauge core biopsy needle with real- 
time visualisation of the needle and the major ves- 
sels during the procedure. The adequacy of the 
sample should be evaluated immediately by visual 
inspection and — if available — by microscopy. 
Small red dots (representing the glomeruli) should 
be present in the sample. The sample size is par- 
ticularly important in focal sclerosing GN, SLE 
and crescentic nephritis. 

Post-biopsy evaluation of possible compli- 
cations is recommended. US is usually per- 
formed immediately after the procedure, after 
4 to 8h, and 24 h after the intervention, as well 
as on demand (e.g. clinical deterioration of the 
patient or clinical symptoms of bleeding, etc.). 
Some degree of subcapsular or perirenal hae- 
matoma is considered “physiological”; more 
extensive haemorrhage needs proper immobili- 
sation and monitoring of the patient, as well 
as treatment if symptomatic (Fig. 9). CDS 
with adequate scale settings should be applied 
to detect post-biopsy AVF, as these need an 
altered post-biopsy regime (antihypertensive 


Fig. 8 Sonographically guided renal biopsy using the 
needle guide attached to the transducer: the dotted lines 
show the path of the needle and help to guide the biopsy 
needle (18 gauge core cut needle, performed with a biopsy 
gun) for safe puncture as well as retrieval of sufficient 
specimen material. The image is retrospectively taken 
from the cine-loop analysis of the needle movement dur- 
ing biopsy (useful for documentation and analysis of the 
procedure): The callipers mark the length of the intra- 
parenchymal needle track (1.7 cm) 
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Fig. 9 Imaging of complications after renal biopsy. 
Colour Doppler sonography depicted an area with atypi- 
cal colour signals and colour aliasing suspicious for an 
arteriovenous fistula. Duplex Doppler sonography trace 
confirms the shunt flow of a post-biopsy arteriovenous 
fistula 


medication, drugs that do not affect compe- 
tence of renal vascular regulation, prolonged 
immobilisation and careful mobilisation, clini- 
cal monitoring). CDS findings should always 
be confirmed by spectral Doppler evaluation 
that demonstrates shunt flow at the AVF as 
well as various flow changes of the feeding 
and draining vessel, such as decreased arterial 
RI and arterialised flow pattern in the drain- 
ing vein with higher flow velocities (Middleton 
et al. 1989; Riccabona et al. 1998) (Fig. 9). 
Usually these AVFs are asymptomatic and 
diminish spontaneously. However, some per- 
sist and may become symptomatic with mac- 
rohaematuria and hypertension. Uncontrolled 
bleeding and symptomatic AVF usually then 
indicate catheter angiography with embolisa- 
tion; acute clotting with urinary tract obstruc- 
tion may require percutaneous drainage. In 
patients with equivocal sonographic findings, 
CT or MR angiography should be performed 
to establish the definite diagnosis. Note that in 
childhood, CT-guided renal biopsy should be 
for radiation issues — except for selected cases 
with insufficient sonographic visualisation of 
the kidney or with specific (multi)focal pathol- 
ogy not adequately picked up on US. 
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5.2.1 Role of Other Imaging 

Modalities 

Plain film (for renal calculi and nephrocalci- 
nosis), IVU (e.g. for diagnosis of medullary 
sponge kidney, otherwise today replaced by 
MRI - if available), contrast-enhanced CT and 
isotope studies are rarely used for the diagno- 
sis or differential diagnosis of RPD, except for 
nephropathy secondary to urinary tract mal- 
formations or infections. However, imaging 
findings such as enlarged kidneys, flattened 
take-up and washout curves on isotope stud- 
ies, delayed contrast enhancement with vague 
cortico-medullary differentiation on CT or 
calcifications may be noticed in some patients 
as an incidental finding. These must be prop- 
erly recognised to initiate further diagnostic 
workup. MRI is not used in RPD to date; how- 
ever, there might be a future role for advanced 
MR techniques (e.g. perfusion or diffusion 
imaging, BOLD techniques, new and/or intra- 
cellular contrast agents such as USPIO and 
spectroscopy) in differentiating various enti- 
ties or quantifying vital renal tissue, thus per- 
haps reducing the need for renal biopsies in 
some diseases. 

5.2.2 Imaging of Renal and Extra- 

Renal Complications, 

for Motoring Chronic Disease 

and in Treatment-Induced 
Changes 

Renal complications are rare except for deterio- 
ration during the course of the disease. However, 
de novo disease may evolve such as tumour in 
end-stage kidneys or complications such as 
increasing calcifications in tubular disorders 
with obstructive calculi and renal colic may 
occur. Infection may occur, renal artery stenosis 
may develop in vasculitis or a post-biopsy AVF 
may be present. Depending on the individual 
query, these entities have to be evaluated and 
considered. This necessitates at least a minimal 
imaging follow-up strategy that should be 
adapted to the individual situation. In general, 
regular US is sufficient; some queries necessitate 
scintigraphy (relative renal function, scars, etc.), 
MRI (tumour, infarction, etc.), MR angiography 
(major renal vessel anomaly) or catheter angiog- 
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raphy (diagnosis of particularly peripheral and 
percutaneous treatment of renal artery stenosis, 
AVF embolisation, etc.). Furthermore, as RPD 
may lead to end-stage renal failure and to renal 
transplantation, imaging (US and particularly 
VCUG) is important to assess the urinary blad- 
der situation, as this will be a prerequisite for 
successful future treatment. 

Depending on the underlying disease, various 
extra-renal complications may occur; involve- 
ment of other organs, primarily or secondary to 
therapy, may be present. These changes may 
influence patient management, prognosis, out- 
come and quality of life. Therefore, they have to 
be considered when treating these patients and 
following them during the course of their disease. 
The most important aspects are skeletal changes 
during corticosteroid therapy or as a manifesta- 
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tion of the ongoing disease (e.g. osteoporosis, 
avascular necrosis, extra-renal calcifications and 
hyperostosis, etc.) evaluated by plain film and 
MRI (Fig. 10). Rarely CT is used for differential 
diagnosis in a suspicious lesion to define the 
entity (Table 3). Furthermore, associated changes 
in systemic or syndromal disease must be evalu- 
ated appropriately necessitating a wide range of 
imaging in the individual case. The detailed 
description and discussion of all these findings 
and the various modalities used for imaging can- 
not be included in this chapter due to space 
restrictions. 

For imaging of various complications and dur- 
ing follow-up under treatment, US may need to 
be complemented by CT, MRI and plain film — in 
particular for extra-renal changes related to RPD 
or medical treatment. 


Fig. 10 Imaging of extra-renal complications. Series of 


MRI images (a) Tl-weighted coronal image, (b) 
T2-weighted coronal image with fat suppression, (c) 


T2-weighted sagittal image with fat suppression of the knee, 
demonstrating an avascular necrosis secondary to cortico- 
steroid treatment for chronic renal parenchymal disease 


Table 3 Imaging of extra-renal complications and manifestation in renal parenchymal disease 


Skeletal anomaly (including hyperostosis, calcifications, etc.) 


Plain film 


Renal osteodystrophy (osteoporosis, etc.) 


Plain film DEXA, CT (osteodensitometry) 


Avascular necrosis (bone) 


Plain film, MRI, scintigraphy 


Cardiac disease (valvular disease, effusion, myocardial 
hypertrophy, associated malformation, etc.) 


Echocardiography, chest film, cardiac MR 


Vascular anomalies (AVM, aneurysm, vasculitis, etc.) 


US, MR/catheter angiography 


Malignant transformation (e.g. liver adenomas) and other US, CT/MRI 
extra-renal manifestation of a systemic disease (e.g. Goodpasture 


syndrome, etc.) 


CNS involvement (e.g. infarction in sickle cell disease, cranial MR, CT, transtemporal CDS 


haemorrhage, central venous thrombosis) 


This table gives a short overview of the various imaging methods used for imaging of extra-renal changes and complica- 
tions arising during treatment or as a complication during the course of the disease with regard to the affected compart- 
ment or organ and the clinical query 


598 


Take Away 

Advanced imaging consists mainly of US 
focusing on modern US techniques. 
However, diagnosis is often established 
only by histology necessitating US-guided 
renal biopsy. 


Conclusions — 

A variety of histologically different RPDs and 
pathogenetically different entities with varying 
prognosis and therapy may clinically present in 
a similar way. Here imaging is needed, may 
help in the differential diagnosis or — as often is 
the primary task — can rule out other diseases 
such as malignancy, obstructive uropathy or 
congenital conditions. Other diseases such as 
vascular disorders may be depicted; this ability 
to help to define the diagnosis gives particularly 
US with (a)CDS an essential role in the early 
diagnostic workup of patients with clinically 
suspected RPD. However, even modern imag- 
ing modalities to date cannot properly define 
the individual underlying entity; thus, renal 
biopsy remains necessary. Here again imaging 
helps to monitor the procedure and to reduce or 
to detect complications. Finally, imaging is 
helpful for monitoring the disease process, not 
only with regard to renal changes but also to 
extra-renal-associated pathology. Thus, imag- 
ing can play a significant role for the clinician 
dealing with RPD, although these renal dis- 
eases do not represent a major imaging domain 
and in general cannot precisely be diagnosed or 
reliably be ruled out by imaging. 
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1 Background 


Urolithiasis is macroscopic calcification in the 
urinary collecting system, whereas nephrocalci- 
nosis is microscopic calcification in the tubules, 
tubular epithelium, or interstitial tissue of the 
kidney. Urolithiasis and nephrocalcinosis are 
common indications for imaging in children. The 
clinical and laboratory findings in urolithiasis 
and nephrocalcinosis are described in chapter 
“Urolithiasis and Nephrocalcinosis”. 

The demand for imaging of urolithiasis is rising 
with the increase in urolithiasis. A recent compre- 
hensive review of the literature revealed that the 
incidence of urolithiasis has increased in children 
by about 6-10% in the last 25 years (Tasian and 
Copelovitch 2014). In the United States alone, the 
pediatric patient population with urolithiasis rose 
from 18.4/100,000 in 1999 to 57.0/100,000 in 
2008, corresponding to an adjusted annual increase 
of 10.6 % (Routh et al. 2010). It is reported that 1 in 
685 hospitalizations of children is for urolithiasis 
(Bush et al. 2010). Nephrectomy was performed in 
1 % of pediatric patients hospitalized for urolithia- 
sis (Bush et al. 2010). It is important to note that 
100 % of children with urolithiasis are regarded as 
high risk for recurrent disease (Straub et al. 2010). 

Imaging is necessary in the initial diagnosis 
and follow-up evaluations after both conservative 
and surgical managements. The primary imaging 
modality for urolithiasis is ultrasound (US). 
Computed tomography (CT) plays a secondary 
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role. Other imaging modalities currently have only 
subordinate roles. The need of repeated follow-up 
imaging studies and the radiation risk, particularly 
with CT, put US in the forefront of the imaging 
choices for urolithiasis and nephrocalcinosis. US 
is the primary diagnostic imaging choice in chil- 
dren. CT should only be considered when the US 
examination turns out to be equivocal in the pres- 
ence of high clinical suspicion for urolithiasis or 
the US is nondiagnostic as in cases of morbid obe- 
sity or severe scoliosis. CT is significantly more 
sensitive for the detection of urolithiasis than 
US. In a prospective study on children, Passerotti 
et al. (2009) showed that US was only 76 % sensi- 
tive compared to CT in children. The average size 
of missed stones was 2.3 mm. However, the find- 
ings did not affect management (Passerotti et al. 
2009). This is of significant practical importance 
in children. A similar but larger, multi-institutional 
study in adults showed higher sensitivity for CT, 
but no difference in primary or secondary out- 
comes (Smith-Bindman et al. 2014). 

The incidence of nephrocalcinosis in children 
is unknown. Certain conditions predispose chil- 
dren to develop nephrocalcinosis, such as prema- 
turity and very low birth weight. About 20% of 
very low birth weight infants develop nephrocalci- 
nosis during the first three months of life. In half of 
the affected infants, the changes are transient, but 
extensive forms may persist for several years 
(Saarela et al. 1999). Nephrocalcinosis should not 
be confused with fleeting medullary hyperecho- 
genicity noted in the first week of life in newborns 
and known as transient stasis nephropathy. The 
etiology of nephrocalcinosis can be elucidated by 
its classification. Classification of nephrocalcino- 
sis depends on the anatomic area involved: 
medulla, cortex, or diffuse (both cortex and 
medulla). The imaging of nephrocalcinosis is 
almost exclusively conducted with US. 


2 Imaging of Urolithiasis 


2.1 Ultrasound 

Diagnostic imaging evaluation in children with 
suspected urolithiasis should begin with US 
(Riccabona et al. 2009). US is widespread, easily 
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accessible, and free of ionizing radiation. US is a 
practical screening tool in both acute and outpa- 
tient presentations. Ideally, for the US study, the 
patient should be hydrated and have a well- 
distended bladder. This may not be possible in the 
acute state in a symptomatic patient. Hydration 
can lead directly not only to better delineation of 
the renal pelves and calyces but also to bladder 
distention (Morin and Baker 1979). Thus, possi- 
ble urinary tract dilation due to stone is not 
obscured. The assessment of the location, num- 
ber, contour, and size of renal stones is improved 
with hydration (Chau and Chan 1997). A dis- 
tended urinary bladder not only allows for better 
delineation of intravesical stones but also permits 
better access for evaluation of the ureters, in par- 
ticular the distal ureters. The US examination for 
urolithiasis starts with the evaluation of the uri- 
nary bladder, ureterovesical junctions, and the 
distal ureters. Subsequently, the kidneys and 
proximal ureters are imaged in both the supine 
and prone positions. A negative scan in one posi- 
tion may turn out to be positive in the opposite 
position. Grayscale and color Doppler sonogra- 
phy (CDS) are performed with age- and size- 
appropriate high- and low-frequency transducers. 


2.1.1 Grayscale Ultrasound 

Urinary tract stones are universally echogenic on 
US regardless of their composition. They may 
also have posterior acoustic shadowing (Fig. 1). 
However, the absence of a posterior acoustic 
shadow does not rule out the presence of a stone. 
The formation of the posterior acoustic shadow is 
dependent on a number of technical and patient- 
related factors. In vitro experiments have demon- 
strated the smallest size of a stone with acoustic 
shadow to be 3.5-4 mm (King et al. 1985). 
However, using modern high-frequency US scan- 
ners with high resolution, it may be possible to 
depict acoustic shadowing in stones with even 
smaller sizes. Other influential factors are focal 
zone placement and distance from the transducer. 
The latter is affected by both the scan position 
and body habitus of the patient. The US modality 
used for the scan also affects the formation or 
visualization of the posterior acoustic shadow. 
Spatial compound imaging is increasingly 
applied for optimizing the images and has the 
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Fig. 1 Greyscale US image of the kidney and proximal 
ureter showing multiple stones with posterior shadowing 
and uroepithelial thickening in the proximal ureter 


advantage of reducing angle-dependent US 
artifacts, i.e., speckle artifacts. It does so by com- 
bining US beams steered at different angles into 
a single composite image in real time. However, 
posterior acoustic shadowing was present in only 
43 % of US examinations with spatial compound 
imaging compared to 86% with conventional 
imaging (Heng et al. 2012). Harmonic imaging, 
another commonly used modern US technique, is 
based on the nonlinear propagation of US waves 
and the generation of harmonics, i.e., multiples 
of the transmitted frequency. It reduces reverber- 
ation and side-lobe artifacts and increases the 
resolution, resulting in clearer better-quality US 
images (Bartram and Darge 2005). With har- 
monic imaging, the posterior acoustic shadow 
appears more conspicuous (Darge and 
Heidemeier 2005). Note that image compound- 
ing may decrease the shadowing artifact; further- 
more frequency and transducer affect shadowing. 
A combination of all the above factors may deter- 
mine the presence or absence of the posterior 
acoustic shadow of a urinary tract stone. 

It is necessary to measure the diameter of the 
stone for the purpose of prediction of potential 
passage of the stone or selection of the type of 
surgical management (Fig. 2) (Straub et al. 2010). 
The echogenic focus is measured on the plane 
with its longest diameter. In children, spontane- 
ous passage of stones is rare for those with a 
diameter greater than five mm (Pietrow et al. 
2002). In up to 41 % of renal stones and 63 % of 
ureteral stones, spontaneous passage can occur 
(Pietrow et al. 2002). Secondary findings in the 
presence of urolithiasis include dilation of the 
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Fig.2 Greyscale US of the kidney in sagittal plane show- 
ing obstructive renal calculi (arrow) with posterior acous- 
tic shadowing at the ureteropelvic junction causing 
pelvicalyceal dilation 


calices, pelvis, or ureter, uroepithelial thickening 
of the renal pelvis or ureter, and enlargement of 
the kidney (Fig. 2). However, in acute obstruction 
without preexisting dilatation, only very little 
distention may be present. 

There are a number of mimics on US of renal 
stones (Durr-E-Sabih et al. 2004). The vascular 
structures, particularly when presenting orthog- 
onally to the US beam, may appear as bright 
echogenicities. If they have “rail-road track” 
appearance, it may be possible to differentiate 
them from stones. At times, it may be difficult to 
separate the echogenic stone from the echogenic 
renal sinus fat or an echogenic papilla (Fig. 3). 
Milk of calcium is a semiliquid suspension of 
calcium salts in a calyceal cyst or diverticulum 
(Fig. 4). It amasses in the dependent portion of 
the cystic structure and can cause reverbera- 
tions. The posterior acoustic shadow from gas 
collections tends not to be clear, having internal 
echoes and indistinct margins rather than pos- 
terior acoustic shadowing (Sommer and Taylor 
1980). Calcifications in the renal parenchyma or 
pelvic wall and echogenic medullary pyramids 
may at times be difficult to differentiate from 
stones. This may also be the case in the presence 
of echogenic fungal ball. In these cases, high- 
resolution US of the kidneys in both the supine 
and prone positions may be helpful in the dif- 
ferentiation. Without adequate distention of the 
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Fig. 3 Grayscale (a) and 
color Doppler (b) images 
of the kidney. The small 
renal calculi difficult to 
delineate on the grayscale 
image due to the 
echogenic sinus fat are 
easily depicted on color 
Doppler, at high setting of 
the pulse repetition 
frequency, due to the 
presence of twinkling sign 


Fig. 4 Greyscale US 
images of a calyceal 
diverticulum with milk 
of calcium without 
acoustic shadowing with 
the patient in supine (a) 
and prone (b) positions 


Fig.5 ‘Transverse US images 

of the bladder without and with color 
Doppler. Two stones are present 
(calipers) and demonstrate posterior 
acoustic shadowing and positive 
twinkling sign 


bladder, it may not only be difficult to visual- 
ize an intravesical stone, but one may overlook 
a stone in the distal ureter. Phleboliths or even 
coprolites may be mistaken for ureteral stones if 
the bladder is not well distended. 


2.1.2 Color Doppler US 

The twinkling sign is a CDS or power Doppler 
artifact, visible as a rapidly changing mixture 
of different colored pixels behind a reflecting 
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structure at the site where an acoustic shadow 


is expected (Fig. 5) (Rahmouni et al. 1996). The 
twinkling sign is particularly useful for detection 
of small stones and follow-up after lithotripsy 
(Fig. 6). The twinkling sign may also help differ- 
entiate calculi from sonographic mimics of cal- 
culi (Fig. 7). The etiology of the twinkling sign is 
uncertain. Two theories are commonly accepted. 
The first holds that rough surfaces have mul- 
tiple reflectors that increase the pulse duration, 
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Fig.6 Sagittal US 
images of the bladder with 
minimally dilated right 
distal ureter in which a 
small stone (arrow) is 
present. On the grayscale 
image (a) it is less 
conspicuous than on the 
color Doppler (b) with 
positive twinkling sign 
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Fig. 7 Grayscale (a) and color Doppler (b) images of the 
kidney. The small renal calculi difficult to delineate on the 
grayscale image due to the echogenic sinus fat are easily 


which is interpreted as Doppler shift (Rahmouni 
et al. )). The second theory is that intrinsic 
machine noise is caused by intrinsic “jitter” of 
the electronic clock (Kamaya et al. ). 

Many, but not all, calculi will demonstrate a 
twinkling sign when CDS is applied, and the 
reasons for this are multifactorial. The choice of 
US equipment affects the sensitivity of the sign. 
Aytaç and Ozcan ( ) showed that new digital 
machines were much more sensitive than older 
and analog ones, detecting 96 % of stones in 65 
patients versus only 39%, respectively. The 
strength of the twinkling sign signal is strongly 
influenced by the color write priority; lower pri- 
ority diminishes the artifact (Kamaya et al. 3): 


depicted on color Doppler, at high setting of the pulse rep- 
etition frequency, due to the presence of twinkling sign 


The depth of the stone, transducer frequency, 
position of focal zone, and power settings also 
make a difference in the detection. The most 
influential factor, and one of great practical sig- 
nificance, is the level of the pulse repetition 
frequency (PRF). For each transducer used in 
CDS mode, it is necessary to select the highest 
PRF with the focus placed at the level of the sus- 
pected stone (Fig. 7). It is important not just to 
rely on choosing a “high flow” setting but to actu- 
ally set the PRF at its maximum. In most 
instances, such a PRF setting eliminates the 
depiction of vascular structures in the CDS mode. 
However, the twinkling sign becomes conspicu- 
ously visible. Spectral Doppler analysis behind 
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the echogenic stone, in the region of twinkling 
sign, shows no typical flow signal (Kamaya et al. 
2003). It is important to note that not all struc- 
tures demonstrating the twinkling sign are stones, 
e.g., air or echogenic deposits in the distal 
medulla as seen in neonates. 

US has limitations for imaging calculi. The 
patient’s body habitus, e.g., obese or scoliotic, 
can limit visualization of the kidneys and ureters. 
The sonographic detection rate of calculi relative 
to unenhanced helical CT is only 90 % for intra- 
renal stones, 75 % for stones in both the kidney 
and ureter, and only 38 % for stones in the ureter 
alone (Palmer et al. 2005). One study found that 
ureteral stones were found in the proximal ureter 
in 26%, mid-ureter in 22%, and distal ureter in 
43 % (Akay et al. 2006). The mid-ureter is par- 
ticularly difficult to visualize by US; a dedicated 
search for this ureteral portion, particularly at the 
level of the iliac vessel crossing, is advisable. 
Urinary tract dilation can be a helpful secondary 
sign for identifying a calculus, but is present in 
only 45-73% of cases (Smergel et al. 2001; 
Strouse et al. 2002). 


2.2 Computed Tomography 

Unenhanced CT should be the second line of 
investigation in children when US evalua- 
tion is uncertain or abnormal or when CT may 
add further information which will contribute 
to the diagnosis (Riccabona et al. 2009). CT 
should be employed as an adjunct to US, in 
cases where there are only secondary signs of 
an obstructing calculus with no visible stone, 
when there is high clinical suspicion and no 
stone on US or when US is nondiagnostic. CT 
is of particular importance when there is a sus- 
pected stone in the mid-ureter, a relative blind 
spot for US. However, when considering CT 
to detect urolithiasis in children, certain dif- 
ferences compared to adults need to be under- 
stood. Unlike adults, children tend to have 
small and potentially less calcified stones. The 
ureter is frequently difficult to identify as it is 
small and has relatively little surrounding fat. 
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Additionally, children often have nonspecific, 
poorly localizing symptoms. These factors can 
decrease the yield of diagnostic CT. 

The advantages of CT with its short examina- 
tion time and relatively high diagnostic yield are 
counterbalanced by its high dose of ionizing radi- 
ation. Care should be taken to follow the “As 
Low (ie., little radiation) As Reasonably 
Achievable (ALARA)” principle when consider- 
ing CT for evaluation of urolithiasis. Body 
weight-adapted (“ultra”) low-dose CT protocols 
need to be employed to optimize the radiation 
dose to the patient (Kluner et al. 2006). Automatic 
exposure control and iterative reconstruction 
methods can further reduce dose. However, a 
dose too low for proper anatomic definition is 
also not useful. 

Consider scanning with the patient in the 
prone position. This may help differentiate a cal- 
culus impacted at the ureterovesicular junction 
from a stone freely floating in the bladder. 
Multiplanar reformatted images, especially the 
coronal reformation, are helpful for accurate 
localization of a suspected stone within or exter- 
nal to the ureter (Eisner et al. 2011). The window 
and level should be manipulated to near that of 
bone for better visualization of the calculi. The 
size of the stone is reported in the largest diame- 
ter, as larger stones are less likely to pass sponta- 
neously (Pietrow et al. 2002). Axial images need 
to be obtained with 2-3 mm slice reconstruc- 
tions. Thinner (<5 mm) slices improve detection 
and density characterization of stones (Eisner 
et al. 2011). This may entail the use of higher 
dose to reduce the image noise to a diagnostic 
range. Sagittal and coronal reconstructions 
improve reader confidence (Eisner et al. 2011). 
Maximum intensity projection (MIP) reconstruc- 
tions in the coronal plane with 3-5 mm slice 
thickness can be helpful for improved detection 
of urolithiasis (Fig. 8) (Corwin et al. 2013). 
Contrast-enhanced CT is rarely performed and 
only in cases when delineation of ureteral 
obstruction and additional detailed anatomy of 
the urinary tract prior to surgical intervention is 
necessary and magnetic resonance urography 
(MRU) cannot be performed. 
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Fig. 8 Coronal reformatted unenhanced CT image of a 
non-distended, augmented bladder containing 3 bladder 
calculi (arrow) in a patient with spina bifida 


An emerging CT modality for urolithiasis 
diagnostic is dual-energy or dual-voltage 
CT. This method exploits the differences in 
attenuation by the same material imaged at two 
different photon energies, usually 80 kVp and 
140 kVp (Chiro et al. 1979). Although it is pos- 
sible to perform dual-energy CT using a single- 
source scanner utilizing fast kVp switching, 
dual-source CT (using two different radiation 
sources) is more common. Data from acquisition 
of the two energies is used to create a composite 
image, which is then used for interpretation 
(Kaza et al. 2013). The individual datasets can 
further be analyzed for differences in attenua- 
tion. Materials with large atomic numbers, such 
as calculi, have higher attenuation at 80 kVp 
than at 140 kVp. The ratio between the attenua- 
tion values is referred to as the dual-energy 
index. The index is then plotted against the 
attenuation profile of known calculi to determine 
the stone’s composition. Studies have shown 
that the chemical composition of calculi can be 
accurately determined, based on the stone’s 
characteristic dual-energy index (Motley et al. 
2001; Manglaviti et al. 2011). However, the 
dual-energy technique has limited accuracy for 
small (<3 mm) stones and stones of mixed 
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composition. Furthermore, dual-energy CT 
allows the subtraction of the contrast from con- 
trast-enhanced CT, so-called virtual contrast 
technique, allowing the possibility of perform- 
ing contrast CT in cases of suspected obstruction 
due to urolithiasis and subsequently subtracting 
the contrast to depict the stone. These applica- 
tions still require further pediatric adaptations 
and comparative evaluations, particularly about 
their management impact and dose implications, 
prior to becoming integrated in the diagnostic 
work-up in children. 

The primary and most specific sign of uroli- 
thiasis is direct visualization of the urinary cal- 
culus within the kidney, ureter, or bladder 
(Fig. 8). Nearly all stones are hyperdense on CT 
(Federle et al. 1981). Secondary signs in uroli- 
thiasis arise from obstruction of the urinary 
tract, with the prominent signs being pelvicaly- 
ceal and ureteral dilation, unilateral renal 
enlargement, decreased renal density, unilateral 
absence of dense pyramids, perinephric edema, 
the “tissue rim sign,” periureteral edema, and 
prominence of the perirenal fascia (Fig. 9) 
(Preminger et al. 1998; Strouse et al. 2002; 
Akay et al. 2006). The perirenal and periureteral 
findings may not be conspicuously visible in 
young children and those with little body fat. 
Unilateral renal enlargement can be seen in 
recent acute obstruction and, if no stone is visi- 
ble on CT, may indicate a recently passed stone, 
a stone with low density, or a clot (Preminger 
et al. 1998). Renal size is best measured in sec- 
tions traversing the mid-zone planes. Perinephric 
edema manifests as strands of soft tissue attenu- 
ation in the perirenal fat (i.e., fat stranding) 
(Strouse et al. 2002). The tissue rim sign is a 
sign specific to CT in which a ureteral calculus 
is surrounded by a rim of soft tissue density 
(Fig. 9). The tissue rim sign has been reported to 
aid in distinguishing calculus from extra-urinary 
calculus such as phlebolith, a mimic of uroli- 
thiasis. However the sign is found substantially 
less frequently in children than in adults 
(Strouse et al. 2002; Akay et al. 2006). 
Fortunately, phleboliths are less common in 
children than in adults. Decreased renal density 


610 


Fig.9 Axial (a, b) 

and sagittal (c, d) CT 
images showing right 
proximal ureteral calculi 
causing obstruction and 
pelvicalyceal dilation 
(arrows). There is 
uroepithelial thickening at 
the level of the ureteric 
calculi (soft tissue rim 
sign). The right kidney 
is also enlarged and 
hypodense 


suggests edema and, while nonspecific, can be 
present in urolithiasis (Strouse et al. 2002; Akay 
et al. 2006). Periureteral edema is seen as fat 
stranding, surrounding the ureter due to inflam- 
mation. In many cases, these secondary findings 
are unilateral, and it is helpful to compare to the 
opposite side. 


2.3 Magnetic Resonance 


Urography 


MRU currently has a very limited role in the eval- 
uation of urolithiasis. The foremost limiting fac- 
tor is that small calculi are generally not well 
seen on routine sequences. Additional limitations 
are the lack of widespread availability of MRU, it 
is expensive to perform, young children usually 
require sedation, patients must be hydrated, and 
gadolinium contrast may be required. Advantages 
MRU has over other modalities are lack of ion- 
izing radiation, excellent anatomic detail, and 
possibility for evaluation of renal function. MRU 
may have a role in non-emergent evaluation of 
obstructive uropathy, particularly when improved 
preoperative anatomic delineation or functional 
analysis are important or in patients with under- 
lying or additional malformations/conditions 
(Grattan-Smith et al. 2008). 
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2.4 


Radiography and Intravenous 
Urography 


Radiography in the form of kidney-ureter-bladder 
(KUB) film nowadays plays only a minimal role 
in the diagnosis of urolithiasis in children. It may 
be a prerequisite for some forms of lithotripsy 
(Riccabona et al. 2009). Intravenous urography 
(IVU) is rather obsolete in the era of CT and 
CT urography (Shine 2008). It may be used in 
resource-limited setting, but even in such set- 
tings, it is recommended to perform a targeted 
TVU - e.g., focusing only on the pathological 
side, without an additional scout film, and tim- 
ing the films in such a way that only the least 
number of studies is required to make a diagnosis 
(Riccabona et al. 2009). 


Take Away 

1. Urolithiasis is increasing in children. 

2. US is the primary imaging modality for 
urolithiasis in children. 

3. CT is performed in pediatric urolithiasis 
only when the US is equivocal in the pres- 
ence of high clinical suspicion or detailed 
preoperative anatomic depiction or delin- 
eation of the obstruction is necessary. 
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Fig. 10 Greyscale (a) and color Doppler (b) images of the kidney demonstrating echogenic medullary pyramids with 
twinkling signs compatible with nephrocalcinosis in a child with hypercalcemia 


Fig. 11 Diffuse nephrocalcinosis in an infant with pri- 
mary hyperoxaluria I 


3 Imaging of Nephrocalcinosis 


3.1 Ultrasound 

High-resolution US is the best method for iden- 
tification and classification of nephrocalcinosis 
in children (Fig. 10). Imaging is performed with 
a high-frequency transducer to optimize spatial 
resolution (Fig. 11). Harmonic mode will further 
increase the spatial resolution of the images. The 
kidneys are also interrogated with CDS to search 
for the twinkling sign, which increases sensitivity 
of the evaluation (Fig. 10). The twinkling sign will 
appear identical to that seen with nephrolithiasis. 
Medullary (and not cortical) nephrocalcinosis 
is graded according to the degree of hyperecho- 
genicity with high interobserver reliability (Dick 
etal. ). Grade 1 corresponds to mild peripheral 


Fig. 12 Diffuse cortical nephrocalcinosis and nephroli- 
thiasis in a 7-year-old boy with oxalosis 


medullary hyperechogenicity. Grade 2 is mild 
hyperechogenicity of the entire medulla. Grade 
3 nephrocalcinosis is marked hyperechogenicity 
of the entire medulla. Some studies have found a 
correlation between the grade of nephrocalcino- 
sis and its treatment outcome (Dick et al. 1999). 
Renal stones are found in the setting of nephrocal- 
cinosis; the differentiation and depiction however 
may be challenging (Fig. 12). 


3.2 Computed Tomography 

Nephrocalcinosis can be depicted on CT (Manz 
et al. ). However, in the era of high-resolution 
US, CT is no longer the diagnostic modality of 
choice (Boyce et al. ). CT has excellent 


612 


specificity (96%) and only modest sensitiv- 
ity (64%) for nephrocalcinosis when compared 
to US (specificity 85% and sensitivity 86%) 
(Cramer et al. 1998; Strouse et al. 2002; Palmer 
et al. 2005). CT may be required for further evalu- 
ation when US examination is limited, such as 
by poor or non-visualization of the kidneys or 
markedly diffuse nephrocalcinosis. Additionally, 
nephrocalcinosis may be seen as an incidental 
finding during CT evaluation for other indica- 
tions. Nephrocalcinosis appears as high-density, 
often irregularly shaped, areas in the renal cortex, 
medulla, or both. It should not be confused with 
papillary deposits or calcifications or residual con- 
trast after an intravenous contrast-enhanced study. 


3.3 Magnetic Resonance 
Urography, Radiography, 


and Intravenous Urography 


MRU is not employed as a first-line diagnostic 
modality for nephrocalcinosis as the resolution is 
not as high as that of US. However, nephrocalcinosis 
may be an incidental finding on MRU. Depending 
on the severity, nephrocalcinosis distorts the nor- 
mal signal intensity of the affected parts. In the 
presence of a preceding US finding, the resulting 
change in MRU is easily explained. 

Radiographs and intravenous urography 
(IVU) are frequently unrevealing in nephrocalci- 
nosis. Severe forms may be visible as opacity that 
conforms to the expected contour of the renal 
cortex, medulla, or the entire kidney. Although 
historically the initial study of choice, radio- 
graphs currently have no role in the diagnostic 
evaluation (Manz et al. 1980). Again, nephrocal- 
cinosis may be incidentally seen and its appear- 
ance should not be confusing. On both 
radiography and IVU, nephrocalcinosis presents 
as calcification of the cortex, medulla, or both. 


Take Away 

1. Nephrocalcinosis can be medullary, cor- 
tical, or both. 

2. High-resolution US is the main imaging 
modality. Others only have minimal or 
no role in the imaging. 
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Conclusion 

Urolithiasis and nephrocalcinosis are com- 
mon indications for imaging in children. 
Pediatric urolithiasis is on the rise. For both 
conditions, US is the primary imaging 
modality. US, by virtue of the high resolu- 
tion coupled with the smaller body size in 
the majority of children, easily allows the 
diagnosis or exclusion of urolithiasis or 
nephrocalcinosis. Large or distorted body 
habitus may necessitate the use of 
CT. Stones limited to the ureter are best 
depicted on CT, too. Other imaging modali- 
ties like MR urography, radiography, and 
intravenous urography are seldom indicated 
in the diagnosis of urolithiasis and 
nephrocalcinosis. 
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Many children who suffer from congenital, 
hereditary, or severe acquired renal disease have 
a substantially diminished number of functioning 
nephrons. Loss of nephrons cannot be replaced 
by new units, and recovery is impossible. 
Consequently, according to the patient’s age, dif- 
ferent diseases enter a common pathway of pro- 
gressive renal dysfunction called chronic renal 
failure (CRF). Further deterioration is associated 
with clinical symptoms and loss of metabolic 
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control. End-stage renal disease (ESRD) is 
reached when survival is possible with only renal 
replacement therapy. Aside from all medical and 
psychosocial care during CRF and ESRD, renal 
transplantation is the ultimate goal to optimize 
rehabilitation and lifestyle. This chapter is 
devoted to these children who need lifelong mul- 
tidisciplinary care and treatment, including pedi- 
atric radiology. 


2 Definitions 


2.1 Childhood Renal Failure 

Loss of one kidney during life or being born with 
a single kidney may cause slight renal dysfunc- 
tion but, in general, does not lead to CRF even in 
late adulthood (Wikstad et al. 1988). Renal fail- 
ure can occur acute or chronic; CRF can be 
defined as a disease state with the loss of more 
than 50% of nephrons, persistently increased 
serum creatinine above +2 SD of the age-adjusted 
mean, and a decreased glomerular filtration rate 
(GFR). It is important to note that serum creati- 
nine must be adjusted for age as, for example, a 
value of 1.0 mg/dl (88 pmol/l) is normal for an 
adolescent, but means CRF for an infant. CRF 
implicates a relentless progression to ESRD 
without the possibility of cure; incidence and 
causes vary with age group (Ardissino et al. 
2003). In the early stages, it is a silent disease 
mostly defined by biochemical values. When 
GFR is reduced to 25% of normal and corre- 
spondingly the number of functioning nephrons 
is reduced to 12 % of normal, clinical symptoms 
of uremia appear and dominate in ESRD. To 
improve the detection and the treatment of 
children with renal disorders, the term chronic 
kidney disease (CKD) was established (Hogg 
et al. 2003). Patients suffer from CKD if kidney 
damage — with or without a reduced GFR — is 
present for at least 3 months, characterized by 
abnormalities in the composition of the blood or 
urine, abnormalities on imaging tests, or lesions 
on renal biopsy. CKD is classified into five stages 
with stage G1 having a normal GFR and stage G5 
meaning the need for renal replacement therapy 
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(KDIGO CKD Work Group 2013). Additionally, 
albuminuria (stages A1—A3) significantly impacts 
prognosis. 

Acute renal failure (ARF) is an acute event 
with an increase of creatinine; it can be oligo- 
anuric, normuric, or polyuric. There are a number 
of reasons that have to be differentiated and then 
govern treatment; these may be prerenal and sys- 
temic (e.g., severe hypoperfusion), intrarenal 
(e.g., acute glomerulonephritis, hemolytic ure- 
mic syndrome=HUS), or postrenal (i.e., obstruc- 
tion to urine outflow). For further details on the 
incidence, laboratory findings, entities, patho- 
physiology, and clinical information, see chap- 
ters Renal Parenchymal Disease and Renal 
Failure and Renal Transplantation. 


Urine Production After Birth 
and Neonatal Oligoanuria 


2.2 


First voiding often takes place in the delivery 
room. Healthy newborns pass urine during the first 
24 h of life in 92-97 % of cases and nearly all void 
within 48 h (Clark 1977; Wang and Huang 1994). 
Normal urine volume is 1-3 ml/kg and hour. Thus, 
polyuria is defined as urine output of more than 
4 ml/kg and hour and oliguria as less than 0.5- 
1.0 ml/kg and hour. ARF is rare in apparently 
healthy neonates with a normal fetal ultrasound 
(US). The incidence of ARF in a neonatal inten- 
sive care unit (NICU) ranges from 1.5 to 23%. 
Oligoanuria is the leading symptom in about 40 % 
of cases, and 60% suffer from non-oliguric ARF 
(Andreoli 2004; Hentschel et al. 1996; Karlowicz 
and Adelman 1995; Kupferman 1994). 


3 Basic Considerations 
on Imaging in Renal Failure 
and Neonatal Oligoanuria 
3.1 Renal Imaging in Renal Failure 
In CRF, diagnostic imaging is extremely helpful 
in unraveling the underlying renal disease, and 


often an essential part already of the initial diag- 
nosis of a chronic progressive disease, as well as 
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for following up during the evolving process that 
leads to CRF. US is the basic investigation focus- 
ing on renal size and structure as well as potential 
collecting system pathology; further imaging 
depends on these US findings. In some situations 
complementing imaging by voiding cystoure- 
thrography (VCUG) or MR becomes necessary — 
usually in the initial work-up (e.g., high-grade 
vesicoureteric reflux with renal dysplasia or 
“reflux nephropathy” as cause of the CRF) or for 
assessing complications during treatment, moni- 
toring treatment response (e.g., observe develop- 
ment of renal perfusion in HUS) as well as for 
preparing a potential renal transplantation (rTX). 

On US - in chronic disease — the kidneys are 
generally more or less echodense, but may be 
small, normal sized, enlarged, or cystic; small 
echodense kidneys, possibly with a size differ- 
ence, indicate hypodysplasia or renal scarring 
(Fig. 1). Focal compensatory hypertrophy may 
have a nodular tumor-like aspect. Concomitant 
dilatation of the ureter and/or renal pelvis can 


Fig. 1 Sonography 
(a-c) and VCUG (d) 
congenital reflux 
nephropathy/dysplasia 
in a newborn presenting 
with CRF and bilateral 
high-grade VUR. The 
initial US shows 
bilateral small kidneys 
with undifferentiated 
echogenic parenchyma 
and a dilated collecting 
system with thickened 
pelvic wall (a=axial 
view, b=sagittal 
section) and dysplastic 
cysts (c); VCUG 
depicts bilateral gross 
VUR without valve (d). 
Note that the left-sided 
VUR was only seen in 
the second filling on the 
cyclic VCUG 
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reflect vesicoureteric reflux (VUR) or urinary 
tract obstruction, but may also be caused by long- 
standing polyuria. In general, (bilateral) renal 
dysplasia with or without congenital uropathy is 
the most probable diagnosis in CRF. VCUG and 
isotope studies are recommended to complete the 
work-up. 

In ARF also US is usually the initial and often 
the only imaging modality (Gordon and 
Riccabona ). It will help to detect postrenal 
problems such as a bladder outlet obstruction or 
an upper tract obstruction in a single kidney — 
though one must consider that after renal func- 
tion has ceased and no urine production is present 
as well as in peracute upper obstruction, no uri- 
nary tract dilatation must be present. 

In the rare other typical findings in children 
with RF, nearly normal-sized or enlarged kidneys 
are found with intrarenal causes of ARF or on 
early follow-up of many acquired diseases such 
as glomerulonephritis and HUS. Loss of renal 
volume mostly indicates progressive CRF. 
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The most probable diagnoses in patients 
presenting with an as yet unrecognized CRF 
are Alport syndrome, juvenile nephronophthi- 
sis, oligomeganephronia, autosomal recessive 
polycystic kidney disease (ARPKD), and vari- 
ous syndromes with renal dysplasia. The neph- 
ronophthisis-medullary cystic disease complex 
is a distinct entity of inherited diseases with 
insidious onset of CRF. Again US contributes 
most to the diagnosis. On US these kidneys are 
normal or slightly reduced in size, echodense, 
and without corticomedullary differentiation. 
Corticomedullary cysts are characterized and 
are found predominantly in advanced CRF 
(Garel et al. 1984; Blowey et al. 1996; Chuang 
and Tsai 1998). Sometimes medullary cysts 
can be demonstrated also by CT or MRI 
(Elzouki et al. 1996); however, the latter inves- 
tigations probably contribute little to the diag- 
nosis of juvenile nephronophthisis as molecular 
genetic diagnosis is available (Hildebrandt 
et al. 1997; Hildebrandt and Otto 2005; Saunier 
et al. 2005). 

If renal cysts are found, cystic disease must be 
defined as unilateral or bilateral and localized or 
diffuse (see chapters Renal Agenesis, Dysplasia, 
Hypoplasia and Cystic Diseases of the Kidney, 
Renal Parenchymal Disease and Imaging in 
Renal Agenesis, Dysplasia, Hypoplasia and 
Cystic Diseases of the Kidney). Extrarenal mani- 
festations such as hepatic or pancreatic cysts 
should be sought as well as evidence of portal 
hypertension. CRF in unilateral cystic disease 
means renal hypodysplasia of the contralateral 
kidney even if the parenchyma appears relatively 
normal. Large bilateral cysts favor autosomal 
dominant polycystic disease, while enlarged and 
echodense kidneys are found in ARPKD (see 
chapter Imaging in Renal Agenesis, Dysplasia, 
Hypoplasia and Cystic Diseases of the Kidney). 
Glomerulocystic disease may have a similar 
appearance on US (Fitch and Stapleton 1986). 
Further differentiation is based on familial his- 
tory, clinical, and genetic findings (El-Merhi and 
Bae 2004; Guay-Woodford 2006; Avni et al. 
2012; Riccabona et al. 2012). Please note that 
renal cysts do not necessarily reflect the underly- 
ing disorder. Acquired renal cystic disease is a 
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known complication of ESRD (Leichter et al. 
1988) and may occur in CRF already before the 
start of dialysis (Hogg 1992). 


3.2 Diagnostic Workup 
and Imaging in Neonatal 


Oligoanuria 


If oligoanuria is recognized, many urgent ques- 
tions arise, and the potentially underlying con- 
ditions should be recognized (Table 1). Before 
starting extensive investigations, pitfalls should 
be excluded. Previous voiding may have been 
missed; urine collection may be inappropriate 
with loss around the collection bag. Urine can 
be mixed with stool, and a previously inserted 
bladder catheter may be displaced or blocked. If 
true oligoanuria is combined with an increased 
serum creatinine, RF is proven. It is tradition- 
ally classified as prerenal, intrinsic, or postrenal 
failure. The term “prerenal” or “functional” 
implies a systemic disease with normalization 
of urine flow and of renal function after appro- 
priate therapy. Intrinsic RF occurs in congenital 
or acquired renal diseases or by transition from 
prolonged prerenal failure; CRF may be the 
long-term consequence. Postrenal failure is 
mostly found in obstructive uropathy. Besides 
assessing anatomy, morphology, and potential 
malformations, US is commonly used as the 
most easily available and only bedside imaging 
method which is usually diagnostically suffi- 
cient; in applying Doppler techniques, US also 
allows for functional information on renal per- 
fusion very helpful for differentiating prerenal 
from intrinsic RF and for judging the severity of 
the condition (Gordon and Riccabona 2003; 
Riccabona 2006). 


3.3 Role of Imaging in Planning 


and During Dialysis 


Once ESRD is reached, survival is possible with 
only blood purification, performed as peritoneal 
dialysis (PD) or hemodialysis (HD). According 
to a joint decision also including the family and 
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Table 1 Differential diagnosis of neonatal oligoanuria 


1. Primary non-renal diseases (prerenal failure) 


(a) Hypovolemia 


Dehydration, reduced intake, increased losses 
(VLBW infant, phototherapy, stool, polyuria, 
third space as in peritonitis or NEC) 


(b) Blood loss (placental, umbilical) 


(c) Hemodynamic compromise 


Cardiac failure, surgery, hypotension, shock, 
PDA, AIST 


(d) Respiratory failure RDS, high mean airway pressure) 


(e) Septicemia 


(f) Asphyxia, hyperviscosity, anemia 


2. Primary renal diseases (intrinsic failure) 


(a) Congenital (dysplasia, hypoplasia, agenesis, 
ARPKD) 

(b) Acquired 
Acute cortical, medullary, tubular necrosis, 
prolonged prerenal failure 


Renovascular accident (arterial, venous, DIC, HUS) 


UTI-pyelonephritis 


Toxic effects, drugs (indomethacin, ACE 
inhibitors, aminoglycosides), contrast agents, 
myoglobin, uric acid 


3. Urinary tract obstruction (postrenal failure) 


(a) Congenital 
PUJO, UVJO, ureterocele, prune-belly 
syndrome, pelvic tumor, hydrometrocolpos, 
neurogenic bladder 


(b) Acquired: fungus balls, urolithiasis, urinary ascites 


4. Miscellaneous causes 


(a) Maternal drugs (such as NSAID, ACE inhibitors, 
immunosuppressants) 


(b) Twin-to-twin transfusion syndrome 


(c) Neonatal (syndrome of inappropriate ADH release) 
5. Pitfalls 


Inappropriate collection, blocked bladder 
catheter, inability to void (sedation, relaxation) 


Adapted from Brion et al. (1997) 

Abbreviations: ACE angiotensin-converting enzyme, AIST 
aortic coarctation, ADH antidiuretic hormone, ARPKD 
autosomal recessive polycystic kidney disease, RDS ideo- 
pathic respiratory distress syndrome, D/C disseminated 
intravascular coagulopathy, NSAID nonsteroidal antiinflam- 
matory drug, HUS hemolytic-uremic syndrome, NEC 
necrotising enterocolitis, PDA persistent ductus arteriosus, 
PUJO pelvi-ureteric junction obstruction, UV/JO uretero- 
vesical junction obstruction, VLBW very low birth weight 


the patient, vascular access for HD or placement 
of a catheter must be planned. It is the steady 
state from which early and even preemptive rTX 


are planned and performed in children in most 
situations and to which patients return in the case 
of graft failure. Diagnostic imaging is mostly 
requested if complications such as a blocked 
peritoneal catheter or insufficient blood supply of 
Brescia-Cimino fistula are present. Interpretation 
of imaging in a disease state is problematic if no 
comparison with the normal situation is possible. 
Consequently, diagnostic imaging should be 
performed at regular intervals even if no prob- 
lems are present and the diagnostic value of 
imaging is questionable at first sight. 


3.3.1 Peritoneal Dialysis (PD) 

PD is the preferred treatment in children with 
ESRD, and approximately 67% of patients are 
maintained on continuous PD (Lerner et al. 
1999). It is the treatment of choice for infants 
(Fig. 2). A permanent PD catheter is placed surgi- 
cally into the peritoneal cavity with the tip in the 
lower abdomen and a long subcutaneous tunnel. 
A plain abdominal radiograph can show the posi- 
tion that can be compared in case of catheter dys- 
function. US (for subcutaneous) and T2-weighted 
MR (for retroperitoneal defects) can be used to 
assess peritoneal leaks in PD failure (Prischl 
et al. 2002) (Fig. 2). 

PD complications can be divided into acute 
or chronic and infectious or noninfectious. 
Imaging with US, CT, and eventually MRI can 
contribute significantly to appropriate treatment 
of many situations (Taylor 2002). Acute catheter 
dysfunction may be caused by malposition and 
can be seen on a plain abdominal radiograph. 
Development of inguinal hernias is caused by 
the permanently increased intra-abdominal 
pressure, and herniotomy is frequently needed. 
Acute respiratory distress should raise suspi- 
cion of hydrothorax caused by thoracic leak- 
age of peritoneal fluid (Rose and Conley 1989); 
US can easily depict it, and the conventionally 
performed chest X-ray can show this compli- 
cation too (Fig. 3). Infections of the exit site, 
the subcutaneous tunnel, and peritonitis are the 
most common infectious complications. Tunnel 
infections typically show pericatheter fluid col- 
lection, and US is important for early detection 
and follow-up (Plum et al. 1994; Vychtytil et al. 
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Fig.2 Imaging in peritoneal dialysis: CDS of a shrunken, 
nearly non-perfused end-stage kidney in an infant with 
peritoneal dialysis. Peritoneal fluid within Morrison’s 


Fig. 3 Chest film: thoracic leak of peritoneal dialysate 
during peritoneal dialysis 


1999). Peritoneal thickening and calcifications, 
loculated fluid collections, and tethering of the 
small bowel are diagnostic for peritonitis com- 
plicating PD and shown by US, CT, or MRI 
(Stafford-Johnson et al. 1998; Krestin et al. 
1995). Normal values for parietal peritoneal 
thickness have been reported, enabling early 
detection of structural changes in the perito- 
neum by US (Faller et al. 1998). 


3.3.2 Hemodialysis 

Hemodialysis is a safe and effective treatment for 
children with ESRD and is performed in 46 % of 
such children aged more than 12 years (Lerner 


pouch (a) and T2-weighted MRI image with fat saturation 
for depiction of leakage of peritoneal dialysis fluid in a 
child with dialysis failure (b) 


et al. 1999). Technical refinements enable HD 
even in small children and infants (Bunchman 
1995; Al-Hermi et al. 1999). In this age group, 
HD is mostly indicated if PD fails or is contrain- 
dicated (Rödl et al. 2012a and b). 

Vascular access is of utmost importance in 
pediatric HD. Central venous catheters, internal 
arteriovenous fistulas (Brescia-Cimino fistula), 
and synthetic grafts are used. Placement of cen- 
tral venous catheters is the preferred vascular 
access in many centers (Lerner et al. 1999; Neu 
et al. 2002). Arteriovenous fistulas are an alterna- 
tive with a lower rate of complications compared 
to central venous catheters and sometimes with 
an improved metabolic control of the patient 
(Brittinger et al. 1997; Chand et al. 2005; Ramage 
et al. 2005). On the other hand, a rapid access to 
rTX may favor central venous catheters. US may 
be of value in guidance for placing the catheter 
and detecting thrombosis around the catheter. 
Doppler sonography or angiography can show 
stenosis of internal fistula and influence surgical 
therapy. Development of malignancy in acquired 
renal cystic disease on long-term dialysis is well 
recognized in adult patients and has also been 
reported in children (Levine 1992; Mattoo et al. 
1997; Querfeld et al. 1992). Thus, a regular sur- 
vey of the native kidneys with US and selective 
use of CT or MRI must be advised for children on 
dialysis and even after successful rTX. 
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3.4 Imaging for Planning 


Transplantation 


There are different needs for imaging when plan- 
ning a renal transplantation (rTX): basically these 
can be summarized by assessment of the recipi- 
ent as well as of the donor. 

The recipient needs a thorough work-up to 
grant success of the rTX and to minimize risks. 
Urological disorders frequently need nephrectomy 
or nephrecto-ureterectomy before considering 
transplantation. Assessment of bladder function 
with VCUG and eventually with cystomanometry 
is mandatory to prevent bladder problems after 
transplantation. An augmented bladder is no con- 
traindication for transplantation (Koo et al. 1999; 
Fontaine et al. 1998; Rigamonti et al. 2005). Renal 
and abdominal US, VCUG, and eventually MR 
angiography to show the vascular situation in the 
region of transplantation are performed; some- 
times, however, the higher resolution of CT angi- 
ography (CTA) without the risk of nephrogenic 
systemic fibrosis in children, ESRF will indicate a 
CTA for vascular pre-transplant assessment. 

The donor also needs imaging, and respective 
recommendations are available (Riccabona et al. 
2012; Damasio et al. 2017). A living-related 
donor must undergo extensive clinical, labora- 
tory, and imaging investigations to ensure that no 
undue risks are incurred by removal of one kid- 
ney; furthermore, it must be granted that the kid- 
ney which will be transplanted is healthy and 
suitable. This imaging is achieved by US, scintig- 
raphy, and sometimes MR; rarely a CT is neces- 
sary. A deceased donors’ kidney also usually is 
checked for unrecognized disease and suitabil- 
ity — at least an US study (preferably including 
CDS to assess vascular supply thus reducing the 
risk of vascular injury during explantation) is rec- 
ommended; in childhood rTX this study should 
include renal size assessment to allow for finding 
a suitable size match. If (as suggested in some 
countries for establishing brain death) a CTA/ 
perfusion CT of the brain is performed, the 
abdominal organs (including the kidneys) can 
also easily be assessed by extending this contrast- 
enhanced CT study to the abdomen, e.g., in the 
late post-bolus phase. 


3.5 Extrarenal Imaging in Chronic 


Renal Failure 


The cardiovascular system and the bones are 
prone to lesions in CRF and ESRD. Cardiac dys- 
function is present in most patients and is a major 
cause of death in ESRD and after renal transplan- 
tation (Ehrich et al. 1992; Parekh and Gidding 
2005). Chest X-ray may show pulmonary edema, 
an enlarged vascular pedicle, and cardiac dilata- 
tion in volume overload, but can be normal 
despite severe cardiac dysfunction. Dilative ure- 
mic cardiomyopathy is characterized by an 
increased cardiac volume, a decreased number of 
cardiomyocytes, and an expanded interstitium. 
Left ventricular hypertrophy is an early prognostic 
sign for cardiac compromise (Schérer et al. 
1999). Hypervolemia, hypertension, and anemia 
worsen cardiac function. Cardiac US including 
Doppler sonography, cardiac CT to look for coro- 
nary calcium in young adults (Oh et al. 2002), 
and functional evaluation can unravel these 
changes, and a dilated vena cava inferior indi- 
cates volume overload. Recently, cardiac MRI 
has gained an important role in assessing cardiac 
function, too. 

The kidneys have a major contribution in 
mineral and bone homeostasis. Renal osteodys- 
trophy (ROD) is a serious consequence of CRF 
and ESRD. Untreated ROD is critical especially 
in the years of skeletal growth with growth retar- 
dation and osseous deformities as a disabling 
consequence. Bone pain, fractures, slipped 
epiphyses, muscle weakness, and extraskeletal 


calcifications (vascular, cardiac, pulmonary, 
renal, periarticular) are signs of severe 
ROD. Impaired renal calcitriol synthesis 


(1,25-dihydroxyvitamin D), phosphate reten- 
tion, Vitamin D deficiency, hypocalcemia, sec- 
ondary hyperparathyroidism, alterations of 
parathyroid hormone action and catabolism, and 
alterations in the calcium-sensing receptor are 
the main pathogenetic factors. A broad spectrum 
from high-turnover to low-turnover bone lesions 
can be distinguished by laboratory and radio- 
graphic findings. High-turnover disease (osteitis 
fibrosa) is characterized by secondary hyper- 
parathyroidism and by increased bone resorption 
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located in the subperiosteal and endosteal sur- 
face of cortical bone. Radiographically, the clav- 
icles, pelvic bones, meta-diaphyseal junction of 
long bones, and phalanges preferably show these 
lesions. Focal radiolucencies and sclerotic areas 
are additional findings. Low-turnover disease 
(adynamic bone) is characterized by widening of 
the epiphyseal growth plate and wide radiolu- 
cent bands within the cortex indicating pseudo- 
fractures and Looser zones. In the past, adynamic 
lesions were mostly related to aluminum toxicity 
caused by administration of aluminum-contain- 
ing phosphate binding agents. Up to 50% of 
patients with ESRD have low-turnover disease, 
and aggressive therapy of ROD contributes in 
part (Salusky and Goodman 1996; Rigden 1996). 
Guidelines for prevention and treatment of ROD 
were published (Klaus et al. 2006; KDIGO 
CKD-MBD Work Group 2009). Usually, plain 
films/digital radiographs are sufficient for these 
purposes, rarely a CT or a MRI may become 
necessary — mostly for differential diagnosis in 
some rare situations. Bone densitometry (mostly 
using CT or a DEXA system or US-based 
devices) may be helpful in directing treatment of 
these sequelae of CRF. 


Take Away 

Imaging is an essential part of handling 
children with RF and neonates with oligo- 
anuria. It heavily relies on US; other meth- 
ods are less frequently necessary and 
useful. Imaging also is essential for follow- 
ing up these patients, monitoring treatment, 
and assessing complications also in other 
regions than the urinary tract. Furthermore, 
it is important for planning and preparing 
for rTX. 

Knowledge of the various entities, the 
pathophysiology as well as the clinical 
implications is essential to properly indi- 
cate, plan, perform and read these studies — 
thus a close collaboration with the pediatric 
nephrourologist is essential. 
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4 Imaging Methods and Findings 


4.1 Basic Situation 

Renal US has dramatically changed and improved 
the diagnostic and therapeutic possibilities in renal 
disease. Fetal renal US is available in most pregnan- 
cies. Thus, we are aware in advance that many new- 
borns have significant renal and urinary tract 
pathology. Yet a normal fetal and a normal neonatal 
US do not exclude renal disease, and the severity of 
prenatal and postpartal findings may be different. 
The basic approach to neonates with oligoanuria is 
(1) stabilize the baby; (2) get basic imaging with 
US, including Doppler sonography (DS) and ampli- 
tude-coded color Doppler sonography (aCDS) as 
noninvasive bedside investigations; and (3) adjust 
therapy according to the findings (e.g., suprapubic 
catheter in suspected posterior urethral valve). If the 
definite diagnosis is not yet established, one has 
time to consider further imaging. As a rule, the 
impact of imaging on therapy at a given time must 
be weighed against the risk of compromising the 
baby by transport or delay of medical therapy. 

For CRF later in childhood imaging has usu- 
ally played an important role in establishing the 
diagnosis and follow-up. The task of imaging in 
these children is to monitor the disease process, 
to assess potential complications, and to evaluate 
extrarenal implications (see above). 

In ARF, imaging often is essential to define the 
cause (and the severity) with all its prognostic 
implications and thus help to direct treatment. This 
is usually achieved by US, complemented by other 
imaging if necessary. In some situations, only his- 
tology will clarify and define the disease — then 
imaging again is essential for providing a safe and 
effective renal biopsy (Riccabona et al. 2014) (see 
also chapters Imaging in Renal Parenchymal 
Disease and Pediatric Genitourinary Intervention). 

And finally imaging may be important to sup- 
port therapeutic measures such as image guid- 
ance for central line placement (e.g., for fluid 
balance and hemofiltration/dialysis), for assess- 
ing complications, or for guiding a percutaneous 
drainage of an obstructed system. 


Imaging in Renal Failure, Neonatal Oligoanuria, and Renal Transplantation 


623 


4.2 Ultrasound 

Normal values for renal size are available 
(see chapter Normal Values). The normal US 
appearance depends on age — in neonates it 
shows a high cortical echogenicity, probably 
related to the high proportion of glomeruli com- 
pared to tubular structures and almost anechoic 
pyramids (Scott et al. 1990; Slovis et al. 1993). 
Transient medullary hyperechogenicity are 
found in 13-58% of neonates (Riebel et al. 
1993; Starinsky et al. 1995; Howlett et al. 1997; 
Nakamura et al. 1999). It seems to be a transient 
phenomenon depending on urine flow, protein 
excretion, or protein cast deposition and is not 
a sign of renal failure. The term “hyperechoic 
papillae of the newborn” has been introduced 
and will eventually replace other nomenclature 
(Nakamura et al. 1999). Five US appearances are 
associated with neonatal oligoanuria: (1) no kid- 
ney present, (2) uni- or bilateral hydronephrosis, 
(3) cystic lesions, (4) focal or generalized hyper- 
echogenicity, and (5) focal accumulation of ech- 
odense material. These appearances, more than 
one of which can be present in a single patient, 
combined with determination of renal size (small 
or enlarged), and evaluation of clinical data will 
point to or establish the correct diagnosis in most 
cases (Figs. 1 and 4). For example, bilateral 
hydroureteronephrosis with echodense kidneys 
and cortical cysts in a boy with a trabeculated 
bladder wall is almost diagnostic for oliguric RF 


in posterior urethral valves. The differential diag- 
nosis of oligoanuria in enlarged hyperechoic kid- 
neys without corticomedullary differentiation is 
shown in Table 2. In older patients with RF, there 
are a variety of US findings that depend on the 
underlying disease and duration (see respective 
chapters and Sect. 3.1). 


4.3 Doppler Sonography 
and Other Modern 
Sonographic Imaging 


Methods 


Both (color) Doppler sonography (CDS) and 
amplitude-coded color Doppler sonography 
(aCDS) investigations add functional imaging to 
the anatomic-morphologic description of US and 
are mandatory in neonatal oligoanuria and RF 
(Gordon and Riccabona 2003). Reduced renal 
systolic flow velocity in asphyxiated neonates on 
the first day of life has been reported to have 
100 % sensitivity for subsequent development of 
RF (Luciano et al. 1998). These and further find- 
ings can influence therapy significantly. Normal 
renal architecture with a normal perfusion may 
indicate a favorable outcome in prerenal failure, 
while focal non-perfused areas are found in renal 
cortical or medullary necrosis or renovascular 
accidents. Decreased systolic flow velocity and 
an increased resistive index (RI) are found in cys- 
tic dysplastic kidneys (Riccabona et al. 1993). 


Fig. 4 Sonography: (a) echodense kidneys in acute renal failure, (b) renal dysplasia with cortical cysts and a dilated 


renal pelvis in prune-belly syndrome 
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Table 2 The differential diagnosis of oligoanuria in 
enlarged hyperechoic kidneys without corticomedullary 
differentiation 

Acute tubular necrosis 

Renal venous thrombosis 

Autosomal recessive polycystic kidney disease 

Diffuse cystic dysplasia 

Septicemia including renal candidiasis 


Contrast nephropathy 


Note that the (C)DS findings including the flow 
spectrum are mostly influenced by the impairment 
of renal function and not so much specific of an 
underlying disease (Riccabona 2006); the same 
applies, e.g., for aCDS and the cortical non-per- 
fused “halo” that can often be observed in kidneys 
with ARF (Riccabona 201 4a, b). 

A specific though rare phenomenon is neonatal 
renal vein thrombosis; the US appearance of renal 
venous thrombosis — being unilateral in the major- 
ity of neonates — may vary with the stage of dis- 
ease (Wright et al. 1996; Hibbert et al. 1997). 
Initially, the interlobular or interlobar thrombus 
(or regional hemorrhagic infraction) may be visi- 
ble as an echogenic streak (sometimes this is only 
the remnant of the neonatally echogenic distal 
medulla). Calcification of the thrombus at diagno- 
sis supports an antenatal onset of thrombosis 
being present in at least some cases. Swelling of 
the kidney leads to increased echogenicity — 
potentially with prominent hypoechoic pyramids. 
An increased renal size/length (e.g., above 60 mm 
or more in the neonate) at presentation strongly 
predicts permanent kidney damage as outcome 
(Winyard et al. 2006). Later, the kidney becomes 
heterogeneous with loss of corticomedullary dif- 
ferentiation. Focal scarring or an atrophic kidney, 
documented by US follow-up investigations or a 
DMSA scan, may be the result. If renovascular 
supply is compromised, CDS with spectral analy- 
sis of the renal and the great vessels must be per- 
formed and may show thrombosis of the vena 
cava inferior in renal venous thrombosis or of the 
abdominal aorta in renal artery thrombosis (Ellis 
et al. 1997). Typically there is a missing venous 
flow intrarenally and a high resistance flow profile 
in the artery — with often inverted diastolic flow — 
as the blood is returned from the obstructed renal 
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venous outflow; these flow alterations have to be 
distinguished from systemic flow alteration (e.g., 
in cardiac conditions and malformations) by com- 
parison with other parenchymal perfusion areas 
(e.g., contralateral kidney, the brain, the liver). 
aCDS may add valuable information concerning 
the general blood supply of the kidney or the pres- 
ence of focal non-perfused areas. This sensitive 
investigation is to a great extent dependent on the 
skill of the investigator and the quality of the 
equipment. 


4.4 Plain Films/Radiography, 
Isotope Investigations, 
Computerized Tomography, 


and Intravenous Pyelography 


Isotope investigations are widely performed in 
various renal diseases and give valuable results 
even in infants (Wong et al. 1995; Gordon and 
Riccabona 2003). There seems to be no indica- 
tion in acute oliguric renal failure, but results are 
important during follow-up for split renal func- 
tion, renal scarring, and urinary obstruction. 

CT and intravenous pyelography require the 
use of contrast medium and are contraindicated 
in renal failure. 

Plain films can be of use in cases associated 
with calcification or urolithiasis (Fig. 5). 


4.5 Use of Contrast Agents 


in Renal Failure 


Use of most contrast agents (CA) is contraindi- 
cated in RF, as they need a functioning kidney for 
clearance. In general, particularly iodinated CAs 
may decrease renal blood flow and cause contrast- 
induced nephropathy (CIN) with ARF (Murphy 
et al. 2000; Thomsen et al. 2014). CA should be 
avoided whenever possible in neonates even with 
normal renal function. If indicated (e.g., for cardiac 
catheterization), adequate hydration is mandatory. 
Administration of the adenosine antagonist 
theophylline seems to be a promising means of pre- 
venting contrast-induced nephropathy (Kolonko 
et al. 1998; Huber et al. 2006); this also applies for 
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Fig.5 Plain radiograph. Bilateral nephrocalcinosis in an 
infant with primary hyperoxaluria type | presenting with 
oliguria during the first weeks of life 


acetylcysteine — however, there are no dedicated 
data or studies in larger pediatric cohorts. However, 
this may be also of value in neonates and preterm 
neonates, where theophylline was reported to 
improve renal function in neonates with respiratory 
distress syndrome (Huet et al. 1995; Cattarelli et al. 
2006). Recommendations and guidelines on the 
use of all kinds of CAs in neonates, infants, and 
children and in RF are available (see also chapters 
Diagnostic Procedures: Excluding MRI, Nuclear 
Medicine and Video-Urodynamics and Contrast 
Agents in Childhood: Application and Safety 
Considerations) (Riccabona 2014a, b); GRF calcu- 
lation for assessment of renal function is suggested 
in all patients particularly those with risks for renal 
impairment prior to intravenous CA application; 
adapted pediatric equations must be used (Schwartz 
et al. 1976, 1984). Recently some discussion arose 
on the real impact of iodinated CA on renal func- 
tion, and CIN is under discussion — at least in adults 
with a GFR above 40 (Newhouse et al. 2008; 
Davenport et al. 2013; McDonald et al. 2013a, b; 
Thomsen et al. 2014). Nevertheless, although radi- 
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opaque CA by themselves obviously do not cause 
acute renal injury in healthy kidneys, they remain a 
cofactor for inducing renal damage particularly in 
patients with coexisting risks such as diabetes mel- 
litus or other medication with nephrotoxic drugs. 
Thus — even considering these new insights — the 
use of iodinated CA should be avoided in neonates 
and children with RF. 

Particular caution should be used with gadolin- 
ium (Gd)-based CAs in neonates and in all children 
with reduced renal clearance; in fact our knowl- 
edge — but our knowledge on the depositions in the 
body is yet limited, and no information is available 
on potential long-term effects of those deposits (e.g., 
as recently been found in the brain, the bone marrow, 
in the skin — and not only in patients with renal 
impairment) as known for nephrogenic systemic 
fibrosis already for some time (McDonald et al. 
2015; Sanyal et al. 2011). 

US-CA are not approved for pediatric use — 
however, these pose a promising option if a 
contrast-enhanced study is necessary, as they are 
not excreted by the kidney and thus are applica- 
ble in RF; reports on their successful pediatric 
use (even in RF) for both, the intravesical admin- 
istration and the intravenous route, describe their 
potential benefit (Stenzel and Mentzel 2014; 
Rosado and Riccabona 2016). 


4.6 Voiding Cystourethrography 

VCUG is an integrative part of investigating neo- 
nates with urinary tract malformations. It may be 
indicated in oliguric neonates with postrenal failure 
due to posterior urethral valves or bilateral mega- 
ureters to differentiate obstructive and reflexive 
units and to determine the site of intervention (vesi- 
cal or supravesical). It furthermore is used for pre- 
transplant assessment or for completing work-up 
of end-stage uropathies of unknown origin. 
Contrast-enhanced voiding urosonography (ce- 
VUS) has been established as an alternative reli- 
able modality (see chapter Diagnostic Procedures: 
Excluding MRI, Nuclear Medicine and Video- 
Urodynamics); this enables bedside investigations 
and is of value especially in severely compromised 
NICU patients. Another rare indication for VCUG 
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is postrenal failure in neonates with suspected pos- 
terior urethral valves or infants and children with 
pelvic tumors, potentially with a congenital blad- 
der or caliceal rupture, where VCUG can exqui- 
sitely show urine extravasation (Zaninovic et al. 
1992). In most situations, however, VCUG can be 
delayed and is performed after stabilization. 


4.7 Magnetic Resonance Imaging 

MRI can be performed even in neonates and pro- 
vides excellent anatomic imaging in this special 
group of patients (Avni et al. 2002; Riccabona et al. 
2002). Additionally, diffusion-weighted MRI and 
other modern techniques such BOLD imaging offer 
new functional information without the need for 
contrast administration (see chapter MR of the 
Urogenital Tract in Children). Although eventually 
applied, we are not aware of valuable data concern- 
ing MRI in neonates with renal failure. There is no 
restriction to perform renal MRI without 
Gd-containing CA even in oligoanuric neonates and 
RF patients. However, application of Gd-containing 
CA for MRI to patients with RF is of major concern 
nowadays and also in neonates. Development of 
nephrogenic systemic fibrosis (NSF) is a serious 
and life-threatening adverse event (see chapter 
Contrast Agents in Childhood: Application and 
Safety Considerations, and Sect. 4.5). NSF is 
directly correlated to Gd (mostly to linear com- 
pounds such as gadodiamide), which was found to 
be deposited in various and affected tissues 
(Thomsen 2006; Broome et al. 2007). Thus, aside 
from emergency situations, we currently do not rec- 
ommend MRI with routine application of intrave- 
nous CA in neonates and infants during the first 2 
months of life, even with a normal renal function 
(also see above — Sect. 4.5). An informed consent of 
the parents for intravenous application of CA for 
MRI has to be obtained like in CT with CA, particu- 
larly if there is renal functional impairment. In addi- 
tion, serum creatinine representing actual renal 
function has to be known before the investigation, 
and age-adapted GFR estimations should be per- 
formed (see chapters Contrast Agents in Childhood: 
Application and Safety Considerations, Renal 
Parenchymal Disease, and Normal Values). Future 
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research will show whether the CA-associated side 
effects are proven to be cumbersome and whether 
MRI can offer valuable information on neonatal 
renal disease (potentially applying non-enhanced 
MR techniques) with oligoanuria or in pediatric RF 
patients in addition to (ce-)US, (C)DS, and 
aCDS. The latter investigations are performed much 
more easily, at the bedside, and at a lower cost. 


Take Away 

US, (C)DS, and aCSDS are essential for 
differential diagnosis of neonates with oli- 
goanuria and pediatric patients with RF; 
furthermore they are useful to monitor 
therapy. If indicated, further investigations 
such as VCUG, ce_VUS, MRI, or isotope 
studies can be delayed and are performed 
after stabilization in most cases. Long-term 
follow-up is mandatory, even in cases with 
apparent complete recovery of (neonatal) 
renal failure. 


5 Renal Transplantation 


5.1 Basic Considerations 

Renal transplantation (rTX) is universally 
accepted as the therapy of choice in children with 
ESKD. Transplantation results in better survival 
than dialysis for pediatric patients of all ages; fur- 
thermore, successful rTX ameliorates metabolic 
and hormonal control, skeletal growth, sexual 
maturation, and cognitive and psychosocial per- 
formance better than both hemodialysis and peri- 
toneal dialysis (Tsai 2010). 

Allograft transplants can be harvested from 
living or diseased donors, while living donor 
grafts are associated with substantially improved 
outcomes in the pediatric population. Children 
with irreversible CDK stage G4 should be pre- 
emptively transplanted if a donor is available 
(Hardy et al. 2009). 

Many aspects of clinical handling in rTX are 
comparable in children and adults (see also chap- 
ter Renal Failure and Renal Transplantation). 
Similar immunosuppressive medications and 
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regimens are used, creatinine is the major serum 
biomarker, acute rejection is determined primar- 
ily by means of biopsy with the use of Banff cri- 
teria for the classification of rejection and 
allograft pathology (Solez et al. 2008), and the 
rejection mechanisms of the kidney graft are gen- 
erally similar. However, many other aspects dif- 
fer between children and adults, for example, the 
primary kidney diseases leading to RF differ and 
are often associated with urologic issues. In addi- 
tion, immunologic factors and the immunizations 
that are required before transplantation differ 
considerably in the pediatric age. 

Allocation policies regarding kidneys from 
deceased donors, surgical techniques in small 
children, and drug metabolism have distinctive 
aspects in children. The frequency of primary 
viral infection after transplantation is higher for 
children than for adults. Furthermore, children 
are actively developing so their linear-height 
growth needs to be optimized and their neurocog- 
nitive development fostered (Nankivell and 
Alexander 2010; Harmon 2010; Dharnidharka 
et al. 2014). 

Current success in pediatric rTX is attributed 
to improvements in transplantation technology 
and surgical techniques, immunosuppressive 
therapy, and age-appropriate clinical care; how- 
ever, these patients are also prone to complica- 
tions from surgery and immunosuppression, and 
therefore accurate imaging assessment is critical 
for implementing effective treatment. 


Take Away 
Renal transplantation is the therapy of 
choice in children with ESKD. 


5.2 Surgical Technique 

Renal transplants in children are almost always 
heterotopic allografts. Grafts can be placed in 
either an intra- or extraperitoneal location, even 
though the second is preferred since surgical 
complications associated with the peritoneal cav- 
ity are minimized with the extraperitoneal loca- 
tion. In older children, the allograft is placed in 


the right or left iliac fossa, as it is in adults. 
Vascular supply is typically established with end- 
to-side anastomosis of the transplant renal artery 
and vein to the ipsilateral external iliac artery and 
vein, respectively, or — if these vessels are too 
small — the distal abdominal aorta and inferior 
cava vein. 

If there is considerable difference in sizes 
between the donor and infant or small pediatric 
recipient, an intra-abdominal location can be 
used, with an end-to-side anastomosis of the 
transplant renal artery to the aorta, to maximize 
graft perfusion. The transplant ureter is typically 
directly implanted into the native bladder with a 
ureteroneocystostomy, only sometimes a reflux- 
protective implantation technique is used. 
Nephroureteral stent placement is often per- 
formed at the time of surgery to mitigate the risk 
of early ureteral obstruction (Nixon et al. 2013). 


Take Away 

Renal transplants are heterotopic. 
Extraperitoneal location is preferred, usu- 
ally in the right or left iliac fossa. 


5.3 Postoperative 


and Surveillance Imaging 


US, including gray-scale US with CDS and spec- 
tral DS (CDUS), is the gold standard for ana- 
tomic imaging of renal transplants in children 
(Kolofousi et al 2012). An immediate postop- 
erative CDUS examination (performed within 
24—48 h) after transplantation is recommended 
to investigate early complications and to serve 
as a baseline for future imaging. Additional early 
postoperative CDUS imaging examinations are 
performed, depending on the results of the ini- 
tial postoperative CDUS and the patient’s clinical 
course. Abnormalities in renal function or spe- 
cific complaints referable to the graft may trig- 
ger additional diagnostic imaging or renal biopsy. 
And for some specific indications, ce-US may 
serve as a valuable bedside imaging tool (Fig. 6). 
And in some centers, early (protocol) biopsies 
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Fig.6 Contrast-enhanced ultrasound (ce-US): 
a child after en bloc rTX of two neonatal grafts 
and acute early posttransplant graft failure — 
intravenous ce-US confirms the lack of 
perfusion in both grafts (due to occlusion at the 
common vascular anastomoses because vessel 
size mismatch). Split/dual image display with 
the contrast image on the left side, the basic 
gray-scale image on the right side showing the 
en bloc graft as a pair of neonatal kidneys 


are used or may become necessary for adaptation 
of immunosuppression (Bruel et al. 2014). 

Cross-sectional imaging and renal perfusion 
scintigraphy are used for further evaluation only 
in selected cases. MRI without or with concomi- 
tant CA application, enhanced or non-enhanced 
MR angiography, and static and excretory MR 
urography are increasingly used in the evaluation 
of posttransplant complications. 

CT is rarely the examination of choice in the 
evaluation of rTX complications in children 
because of concerns regarding radiation dose and 
exposure of the allograft to iodinated CA and 
most of all today because of existing alternative 
examinations. 

Renal scintigraphy with 99mTc-mertiatide is 
used adjunctively for functional allograft assess- 
ment on a case-by-case basis. 

Conventional angiography remains the refer- 
ence standard for confirmation and treatment of 
vascular complications and can be indicated pro- 
vided there is sufficient time without risking the 
graft and particularly if there is an inherent (inter- 
ventional) treatment option which then can be 
performed in the same session (Barba et al. 2011; 
Bou Matar et al. 2012). 


Take Away 

CDUS is the main imaging modality in 
rTX follow-up. Abnormalities in renal 
function or specific complaints may trigger 
additional diagnostic imaging (MR, MRA, 
CT) or renal biopsy. 
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5.4 The Normal Renal Allograft 

A detailed examination protocol includes mea- 
surement of renal size and echogenicity, col- 
lecting system and ureter condition, and 
evaluation of any postoperative collections. 
CDU should assess presence of flow and flow 
velocity in the renal and iliac vessels as well as 
evaluate intrarenal vessels. 

The collecting system of a well-functioning 
transplant is often slightly dilated (Fig. 7), pre- 
sumably because of a combination of an increased 
volume of urine production and loss of the ure- 
ter’s tonicity from denervation. However, in the 
unobstructed transplant, filling should be minor 
and confined to the renal pelvis, while filling of 
the infundibula or the calyces is suspicious of 
significant outflow obstruction. 

DS evaluation of the kidney involves global 
assessment of renal flow by using CDS or aCDS, 
as well as investigation of the intra- and extrare- 
nal vasculature supplemented by a spectral 
Doppler analysis (Fig. 7). Although the evalua- 
tion is purely qualitative, parenchymal perfusion 
assessed with CDS or aCDS should be uniform 
throughout the graft. RI values of 0.8 or lower are 
expected, although the clinical context should be 
considered in case of abnormal values, too. 

The main renal artery is usually readily visual- 
ized, but is often much more tortuous than that of 
the native kidneys (Fig. 7d). Spectral Doppler 
analysis of the renal vein will demonstrate con- 
tinuous antegrade flow with variable phasicity 
depending on the functional distance from the 
right atrium (Nixon et al. 2013). 
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Fig.7 The US evaluation of a renal allograft demonstrates 
an intrapelvic kidney with US features identical to those of 
a native one. The collecting system is often slightly dilated 
because of loss of tonicity from denervation — however, in 
the non-obstructed transplant, the filling should be con- 
fined to the renal pelvis (+ +) without dilatation of the col- 
lecting system unless already preexisting (a); spectral 
Doppler analysis from the interlobar vessels shows the 


Take Away 

The CDUS protocol in rTx includes mea- 
surement of renal size and echogenicity, 
evaluation of the collecting system and ure- 
ter, and evaluation of any postoperative col- 
lections. Color/power and spectral Doppler 
imaging should assess flow in the renal and 
iliac vessels, the respective flow velocities, 
as well as evaluate the intrarenal vessels. 


5.5 Posttransplant Complications 

Based on a compartmental morphologic and 
functional assessment, posttransplant complica- 
tions can be categorized by entity and cause as 
(a) nephrologic complications causing graft 
dysfunction, (b) surgical problems, (c) drug 
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normal fast systolic upstroke with a subsequent slow decay 
in diastole and a sufficient end-diastolic antegrade flow, 
thus RI values <0.8 in central vessels are to be expected 
(b); color flow fills out to the peripheral renal parenchyma 
right till to the renal capsule when using power Doppler 
(c); power Doppler may be useful to assess peripheral cor- 
tical perfusion (d); the main renal vein is easily accessible 
for (color) Doppler studies (e) 


toxicity, (d) infections, and (e) mass lesions 
(Table 3). 

5.5.1 Nephrologic Complications 
Causing Graft Dysfunction 

Several clinical syndromes of graft dysfunction 
have been defined relative to the time elapsed fol- 
lowing transplantation. 

Primary graft nonfunction describes a graft 
that never recovers function. Primary graft non- 
function is typically the result of (a) hyperacute 
or acute humoral rejection or (b) early vascular 
thrombosis, rarely of ischemic damage of the 
graft prior to implantation. Delayed graft dys- 
function is defined by the requirement for dialy- 
sis within the first week after renal transplantation 
(Siedlecki et al. 2011). The central pathologic 
condition underlying delayed graft dysfunction 
is acute tubular necrosis (ATN). Acute graft 
dysfunction can occur at any time after recovery 
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Table 3 Pediatric renal transplant complications 


“Nephrologic complications causing early graft 
dysfunction 


ATN 


Rejection 


Toxic effects of calcineurin inhibitors 


Recurrence 


Chronic allograft injury 


Surgical complications 


Perinephric fluid collections 


Hematoma and seroma 


Lymphocele 


Urinoma 


Abscess 


Vascular complications 


Renal vascular (artery, vein) thrombosis 


Renal artery stenosis 


Arteriovenous fistula 


Pseudoaneurysm 


Urologic complications 


Urinoma 


Urinary tract obstruction 


Vesicoureteral reflux 


Extrarenal drug toxicity 


Infections 


Mass lesion 


Posttransplant lymphoproliferative disease 


Abbreviations: ATN acute tubular necrosis 


of graft function and most commonly results 
from acute rejection. A common alternative 
cause of parenchymal acute graft dysfunction is 
the acute toxic effect of calcineurin inhibitor 
therapy. 

Chronic allograft injury refers to the progres- 
sive irreversible loss of graft function that results 
from chronic rejection, toxic effects of drug ther- 
apy, hypertensive nephropathy, or chronic graft 
infection. 

The CDUS features of ATN, acute rejection, 
and nephrotoxicity are nonspecific and include 
renal enlargement with heterogeneous echo- 
genicity of the thickened renal cortex, less evi- 
dent corticomedullary differentiation, relative 
hypo-echogenicity of the renal pyramids in rela- 
tion to a rather hyperechoic cortex and particu- 
larly in acute rejection uroepithelial thickening. 
Reduced diastolic flow with a resistive index (RI) 
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higher than 0.9 is sensitive for pathology, but this 
is often not specific and must be interpreted in the 
context of clinical and laboratory findings. 
Differentiation between ATN, acute rejection, or 
drug nephrotoxicity cannot be based on imaging 
findings alone, and renal biopsy is often 
necessary. 

Graft dysfunction may also be the conse- 
quence of recurrence of the primary disease such 
as in FGS and atypical HUS (Valoti et al. 2012; 
Cravedi et al. 2013). 

Similar imaging findings are observed in 
chronic allograft injury regardless of cause. 
Anatomic imaging demonstrates progressive vol- 
ume loss with diffuse cortical atrophy, often with 
superimposed focal cortical scarring. Mild to 
moderate collection system dilatation may be 
revealed, even in the absence of obstruction; CDS 
may reveal reduced peripheral perfusion, some- 
times with patchy appearance. Renal scintigra- 
phy demonstrates a small graft with poor 
perfusion and globally decreased function, find- 
ings that are similar to those of chronic obstruction 
or long-standing renal artery stenosis. As, how- 
ever, differentiation of the most common entities 
for late and chronic allograft injury, i.e., drug tox- 
icity and rejection, is only possible by histology, 
and renal biopsies are often necessary — some 
centers perform “protocol” biopsies in regular 
intervals, whereas others only perform a biopsy 
on clinical demand. 


5.5.2 Surgical Complications 

Perinephric fluid collections are a frequent com- 
plication of renal transplantation, occurring in as 
many as one-half of posttransplant patients at any 
time after graft placement. Perinephric collections 
include hematoma, lymphocele, seroma, abscess, 
and urinoma. The timing of occurrence is predic- 
tive of the cause. Most of these collections are 
small and asymptomatic, requiring no treatment. 
Cases should be followed over time to ensure res- 
olution because enlarging fluid collections can 
reflect evolving infection or continuing vascular 
or urinary extravasation. Perinephric fluid collec- 
tions are readily imaged by using CDS, with 
cross-sectional and functional imaging reserved 
for selected cases. Perinephric hematoma can 
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also commonly occur as a complication after 
renal biopsy (Fig. 8). Subcapsular hematoma can 
cause parenchymal compression with resulting 
hypoperfusion, the so-called Page kidney. 
Lymphoceles are encapsulated collections of 
lymphatic fluid that accumulate in the surgical 
bed, most commonly between 4 and 8 weeks 
after transplantation. They are believed to result 
from disruption of normal lymphatic channels 
during perivascular dissection or from disrup- 
tion of hilar lymphatic vessels at the time of 


Fig. 8 US in posttransplant perinephric hematoma: A 
post-biopsy perinephric hematoma (arrows) in a 7-year- 
old boy with renal transplant for reflux nephropathy. 
Longitudinal gray-scale US shows a crescent echogenic 
middle complex and perirenal fluid collections around the 
upper pole of the renal graft 


transplantation. As with perinephric hemato- 
mas, small lymphoceles tend to be asymptom- 
atic. Larger collections can cause mass effect, 
with the possibility of vascular or ureteral 
obstruction, parenchymal compression, and 
graft dysfunction. The imaging appearance of a 
posttransplant lymphocele at CDS is that of a 
perinephric fluid collection that is largely 
anechoic. It may contain multiple thin septa and 
can appear multilocular (Fig. 9). MRI shows a 
perinephric collection that is hyperintense on 
T2-weighted images and hypointense on 
Tl-weighted images, sometimes with internal 
loculation. The septa depicted by CDS and MRI 
are typically not apparent with CT, and there is 
no septal enhancement. Urinomas are usually 
caused by urine leaks at the uretero-vesical 
anastomosis or as a consequence of a focal renal 
infarction with collecting system involvement 
and subsequent leak of urine. Antegrade pyelog- 
raphy or ce-MRU can be used to demonstrate 
the urine leak; if a percutaneous renal drain is in 
place, diluted US-CA (as for ce-VUS) can also 
be instilled to visualize the connection of the 
collecting system to the perinephric fluid collec- 
tion (Riccabona 20 ). 

Even if quite rare, abscesses remain an impor- 
tant complication of renal transplantation, usu- 
ally in the first postoperative month. Perinephric 
abscesses can result from infection of the surgical 
site, spontaneous or iatrogenic infection of a 
previously sterile fluid collection, or complicated 
pyelonephritis. In a febrile patient, any perineph- 


Fig.9 US in posttransplant lymphoceles: US images of a 
large peritransplant septed lymphocele in a 4-year-old boy 
with rTX for bilateral renal dysplasia, 3 months after 
transplantation. The axial US image demonstrates a com- 
plex anechoic collection (arrow) with multiple septations 


at the medial aspect of the renal transplant (a); the lym- 
phocele exerts a mass effect on the collecting system of 
the graft resulting in dilatation of the collecting system 
(arrow, + +=renal pelvis) (b) 
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ric fluid collection should be considered infected 
until proved otherwise; rarely also intrarenal 
abscesses can develop. On US abscesses appear 
as a hypoechoic mass with thick irregular walls 
or capsule. Ce-MRI (or ce-CT) will show a 
peripheral membrane-like enhancement (as does 
in ce-US) with a central necrotic complex fluid 
collection (nicely demonstrated by DWI on 
MRI); treatment can be image (US)-guided punc- 
ture and drainage in addition to the proper antibi- 
otic regime (see also below — Sect. 5.5.4) (Nixon 
et al. 2013). 

Vascular complications include renal artery 
thrombosis with parenchymal infarction, renal 
vein thrombosis, and renal artery stenosis. 
Vascular complications represent an important 
cause of morbidity after pediatric renal transplan- 
tation, affecting between 5 and 10% of patients. 
An increased risk of early vascular thrombosis 
has been observed in children because of their 
small body habitus and the discrepant donor- 
recipienst vessel sizes, with the greatest risk 
occurring in the youngest patients (Fig. 10). 
Arteriovenous fistula and pseudoaneurysms are 
additional vascular complications that can result 
from graft biopsy. CDUS imaging and renal per- 
fusion scintigraphy are the primary modalities 
used to assess vascular complications after trans- 
plantation. Although MR angiography can be 
helpful in equivocal cases, conventional angiog- 
raphy remains the reference standard for confir- 
mation and often also for management of vascular 
complications (El Atat et al. 2010). 

The most common urological complication is 
a dilated collecting system caused by urinary 
tract obstruction that may be the consequence of 
ureteral kinking, stenosis at the ureteral implanta- 
tion, ureteral necrosis, or large lymphocele. 
Ureteral necrosis may be secondary to damage 
the vascular supply. It is important to note that 
children with ARF caused by severe urinary 
obstruction may present with just minimal or 
moderate renal pelvic dilatation due to a 
diminished urine production (Fig. |la—c). In 
addition, these situations are painless as the 
transplant and the ureter are not innervated. Close 
follow-up is mandatory, especially in patients 
with bladder dysfunction or an augmented blad- 
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Fig. 10 Amplitude-coded Doppler sonography: renal 
transplant with perfusion defect due to occlusion renal 
arterial infarction 


der (Dharnidharka et al. 2014). Most urological 
problems can be visualized by US in most situa- 
tions. If requested, isotope studies, fluoroscopy, 
and CT or preferably MRI may add valuable 
information — indicated only if relevant for treat- 
ment decisions. 


Take Away 

Differentiation of nephrologic graft com- 
plications cannot be based on imaging find- 
ings alone, and renal biopsy is often 
necessary. Perinephric fluid collections 
(hematoma, lymphocele, seroma, abscess, 
and urinoma) and vascular complications 
are readily imaged with CDS; cross- 
sectional and functional imaging are 
reserved for selected cases. 


5.5.3 Drug Toxicity 

The dosage of calcineurin inhibitors (CNI=cyclo- 
sporine and tacrolimus) must be adjusted fre- 
quently to obtain sufficient immunosuppression 
and to avoid nephrotoxicity. Unfortunately, they 
are potentially nephrotoxic, causing vasocon- 
striction of the afferent glomerular arterioles, and 
with long-term use they may cause interstitial 
fibrosis. US can be either normal or nonspecific; 
increased RI values may be found on Doppler 
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Fig. 11 Acute rise in serum creatinine and oliguria 8 
weeks after successful rTX. CDUS (a) shows a moderate 
distension of the renal pelvis without severe impairment 
of end-diastolic renal perfusion. Immediate percutaneous 


nephrostomy with antegrade filling (b) confirms distal 
ureteral stenosis caused by ureteral necrosis. Antegrade 
filling before surgical reconstruction and after stabiliza- 
tion of the renal function confirms this finding (c) 


Fig. 12 Axial FLAIR images in an 8-year-old girl with PRES show hyperintense patchy areas involving the cortico- 
subcortical regions of the temporal and parietal lobes bilaterally as well as the cerebellum 


examination (Drake et al. 1990). Findings should 
be related to the serum drug levels, and eventually 
only renal biopsy may establish the diagnosis, 
particularly in chronic changes with intermit- 
tently normal blood levels. 
Seizures and altered mental status may be 
signs of CNI-induced neurotoxicity (Potluri et al. 
). Cerebral MRI can show reversible patchy 
hyperintense lesions on T2-weighted-FLAIR 
images in a predominantly occipital pattern, 
thereby establishing the diagnosis of posterior 
reversible encephalopathy syndrome (PRES) 


(Fig. ). Aside from arterial hypertension, 
immunosuppressive drugs are another main 
cause of PRES; note that not even toxic blood 
levels are required (Lamy et al. ). 

CDS of the transplant and the native kidneys 
(if left in situ) as well as echocardiography are 
recommended at regular intervals, together with 
the clinical and laboratory surveillance; again 
some do perform protocol biopsies at regular 
intervals — although there is a not neglectable risk 
to the graft because of the potential biopsy 
complications. 
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Take Away 

CNI are potentially nephrotoxic. PRES 
may be secondary to immunosuppressant’s 
toxicity and hypertension. Diagnosis can 
be suspected clinically and based on labo- 
ratory findings, but it is eventually made by 
histology. 


5.5.4 Infections 
As a result of immunosuppression, patients are 
prone to viral and bacterial infections. As with the 
native kidney, the US appearance of transplant 
infections is quite variable and nonspecific. 
Urothelial thickening and focal or diffuse areas of 
altered echogenicity with impaired corticomedul- 
lary differentiation, sometimes even with a pseudo- 
tumorous aspect are recognized findings (Fig. 13). 
Note that some of these features can also be present 
in the early stages of rejection; thus laboratory and 
clinical information have to be considered. Any 
echogenicity within a dilated pyelocaliceal system 
is usually clinically significant and may be sugges- 
tive of pyonephrosis, while rounded weakly shad- 
owed foci and echogenic structures within the 
collecting system are suggestive of fungus balls. 
CDS and particularly aCDS are very sensitive for 
focal perfusion impairment and may support the 
US diagnosis of a focal transplant infection. 
Opportunistic viruses have emerged as great 
challenges to clinical management after rTX and 
are probably related to the immunosuppressive 
regimens currently used, which are more potent 
than those used in the past. Since the mid-1990s, 
the incidence of the Epstein-Barr virus (EBV)- 
driven cancer known as_posttransplantation 
lymphoproliferative disorder (PTLD) has dra- 
matically increased, and polyomavirus BK 
(BKV) has emerged as a new cause of infection; 
BKV may cause an interstitial nephropathy or be 
responsible for ureteral stenosis. These two 
viruses typically infect people early in life, when 
they are immunocompetent and cause mild 
disease, but leave behind a pool of latent virus in 
the graft. Since kidneys transplanted in children 
are usually from adult donors, there is an 
increased chance that a kidney from a 
seropositive donor (with latent virus) will be 
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Fig. 13 Acute focal pyelonephritis in a 9-year-old girl 
with a renal transplant for bilateral reflux nephropathy 
who presented with fever and dysuria. The longitudinal 
US image shows a focal, ill-defined area of altered echo- 
genicity in the renal parenchyma with decreased flow on 
CDS examination 


transplanted into a seronegative recipient. 
Thus, as compared with adults, children are at 
higher relative risk for severe disease from 
Cytomegalovirus, EBV, or BKV, with higher 
rates of complications, graft loss, and death 
(Comoli and Ginevri 2012; Dharnidharka et al. 
201 1a and b). Pneumocystis carinii pneumonitis 
may occur during the first 6 months after 
transplantation; however with appropriate 
prophylaxis this infection has been effectively 
eliminated in transplant recipients. 
Approximately 50% of transplanted patients 
have urinary tract infections. Symptomatic infec- 
tions are found predominantly during the first 3 
months after transplantation. Patients with preex- 
isting urological disorders may have recurrent 
infections, and kidney transplants seem to be prone 
to scarring in the case of VUR (Coulthard and Keir 
2006). Aside from US, isotope investigations 
(increasingly replaced by MRI) and VCUG (or ce- 
VUS) to detect VUR then are recommended. 


Take Away 

Transplanted children are at higher risk of 
viral opportunistic infections (CMV, EBV, 
BKV) with higher rates of complications, 
graft loss, and death compared to adults. 
US appearance of transplant infection is 
nonspecific. In case of recurrent infections 
particularly with scarring, VCUG (or ce- 
VUS) is recommended. 
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5.6 Mass Lesions: Posttransplant 


Lymphoproliferative Disorder 


Long-term immunosuppressive therapy predis- 
poses to the development of neoplastic mass 
lesions, both within the allograft parenchyma and 
in other organ systems. Inhibition of native cyto- 
toxic T-cell activity has been implicated as the 
underlying cause. Both PTLD and (inflamma- 
tory) pseudotumors have been described. 
Development of PTLD is a well-known and 
serious complication after transplantation. PTLD 
develops within the context of immunosuppres- 
sion. It mostly occurs early after rT™X and is 
strongly associated with EBV. The reported inci- 
dence of lymphoproliferative disorders after 
pediatric rTX is approximately 1—4 %, which is 
more than 20-fold the incidence in the general 
population, and approximately 94 % of PTLD are 
non-Hodgkin lymphomas. Early PTLD (within 
the first year after rTX) is associated with younger 
recipient age, frequent graft involvement and 
extranodal disease, and severe immunosuppres- 
sion and are mostly EBV-driven B-cell lympho- 


mas (Schober et al. 2013). Late PTLD often 
resembles isolated tumors with nodal appearance 
(e.g., Burkitt’s lymphoma, Hodgkin’s disease). 

The imaging appearance of PTLD depends 
on the site of involvement. In case of allograft 
involvement, the disease typically manifests as 
multiple ill-defined parenchymal nodular 
masses that are hypoechoic on gray-scale US 
images, hypoattenuating relative to the sur- 
rounding renal parenchyma on contrast- 
enhanced CT (ce-CT) and hypointense on 
contrast-enhanced MR (Fig. 14) (Shroff and 
Rees 2004; Comoli et al. 2005). Alternatively, 
diffuse graft enlargement may be the only clue 
to the disease. Diagnosis is eventually based on 
histology unless proven elsewise; differential 
diagnostic considerations include focal or dif- 
fuse infection and other soft-tissue or mesen- 
chymal tumors. 

In recent years, application of hybrid posi- 
tron emission tomography (PET)-CT (or even 
PET-MRI) resulted to be more sensitive and 
specific than imaging with ce-CT (or MRI) for 
Hodgkin and non-Hodgkin lymphoma staging 


Fig. 14 PTLD in a 13-year-old girl 14 months after she 
had undergone rTX for nephronophthisis. The longitudi- 
nal US scan of the liver shows multiple hypoechoic, well- 
defined parenchymal nodules (a). Coexisting multiple 
hypoechoic nodules within the renal parenchyma (b), MR 


imaging of a girl with PTLD showing multiple nodules in 
the graft and the original kidney (c, d); corresponding 
gray-scale US (e) and aCDS (f) image demonstrating that 
these nodules may show up much more evident on power 
Doppler than on the basic gray-scale image 
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and in evaluating treatment response after ther- 
apy, especially in patients with persistent 
lesions in whom FDG uptake can help to dif- 
ferentiate between residual tumor and fibrosis 
(Shroff and Rees 2004; Hirsch et al. 2013; Purz 
et al. 2014). 


Take Away 

In case of PTLD, US will usually reveal 
multiple hypoechoic well-defined paren- 
chymal masses in the affected organ(s), 
sometimes only diffuse graft enlargement, 
sometimes just adenopathy. Diagnosis is 
based on histology. PET-CT/PET-MRI is 
increasingly used for staging and the evalu- 
ation of treatment response. 


Conclusion 

Imaging with US, including (C)DS and aCDS, 
is essential for diagnosis of CRF and to moni- 
tor therapy. Further imaging is needed to detect 
cardiac compromise or renal bone disease and 
to plan rTX. During dialysis, imaging is mostly 
requested when complications arise. US with 
CDS and aCDS is helpful to monitor graft 
function after transplant. Further imaging with 
VCUG, isotope studies, or MRI (sometimes 
CT or even fluoroscopy and catheter angiogra- 
phy) can become necessary or complementary 
in selected cases before and after rTX. 
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levels that are >5 mmHg above the 99th percen- 
tile (National High Blood Pressure 4th Report 
2004). Renovascular hypertension (RVH) is 
caused by arterial lesions impeding blood flow 
to one or both kidneys or to one or more intra- 
renal segments (Watson et al. 1985; Dillon 
1997). Hypoperfusion results in increased 
renin release from the juxtaglomerular appara- 
tus of the kidney and activation of the renin- 
angiotensin cascade pathway. Renin-mediated 
hypertension is often refractory to conventional 
medical therapy and, if untreated, can lead to 
serious complications, including hypertensive 
encephalopathy and stroke, left ventricular 
hypertrophy with diastolic dysfunction and 
congestive heart failure, and diminished renal 
function (Castelli et al. 2013). In RVH, the BP 
is usually markedly high usually exceeding 
the 97th percentile. BP measurements should 
always be compared with published standards 
for age, sex, and height (National High Blood 
Pressure 4th Report 2004; Goonasekera and 
Dillon 2000; Rosner et al. 1993) (see also 
chapter “Normal Values”). 


Take Away 

There are three different stages of hyper- 
tension in childhood, and age-matched nor- 
mal values have to be used. 


3 Clinical Presentation 


The presentation of RVD in childhood is vari- 
able. Occasionally a child is incidentally 
found to have high blood pressure (BP) on 
routine examination. The diagnosis is often 
delayed due to technical problems in measur- 
ing the BP and a low index of suspicion in 
children (Tullus et al. 2008). Other presenta- 
tions may relate to secondary effects of hyper- 
tension, such as cardiac failure, an isolated 
lower motor neuron facial palsy, severe head- 
aches, or failure to thrive. 
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4 Causes 


Renovascular disease (RVD) must first be distin- 
guished from other, more common, causes of 
secondary childhood hypertension such as renal 
scarring and glomerular disease in children older 
than 1 year of age and coarctation of the aorta in 
infants (Table 1). Occasionally obstructive urop- 
athy such as bilateral ureteropelvic junction 
obstruction or posterior urethral valves may also 
present with hypertension. Endocrine diseases 
and tumors (neuroblastoma, pheochromocytoma, 


Table 1 Causes of secondary hypertension 


Renal 


Glomerulonephritis or any nephritis (acute and 
chronic) 


Pyelonephritis 
Obstructive uropathy 


Polycystic kidney disease 


Renal dysplasia 


Renal injury 


Vascular 


Renal artery stenosis 


Coarctation of aorta (commonest cause in children 
aged <1 year) 


Middle aortic syndrome 


Renal vein or artery thrombosis 


Neonatal aortic thrombosis 


Umbilical artery catheterization 


Vasculitis (Takayasu’s disease, polyarteritis nodosa, 
Kawasaki disease) 


Transplant renal artery stenosis 


Genetic syndromes 


Neurofibromatosis 


Williams syndrome 


Tuberous sclerosis 


Endocrine/tumors 


Primary hyperaldosteronism 


Cushing syndrome 


Neuroblastoma 


Wilms’ tumor 


Mesoblastic nephroma 


Pheochromocytoma 


Other causes 


Radiation 


Medications 


Idiopathic hypercalcemia of infancy 
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or Wilms’ tumor) are other potential causes of 
hypertension in children. Fibromuscular dyspla- 
sia (FMD) is the commonest cause of RVD in 
children, although Takayasu’s disease is more 
common than FMD in some eastern countries 
(Slovut and Olin 2004; McCulloch et al. 2003). 
Fibromuscular dysplasia differs from that in 
adults and is now considered as a part of the 
developmental arterial dysplasia (Srinivasan 
et al. 2011). Histopathologically it is a combina- 
tion of intimal fibroplasia, medial thinning, and 
excessive external elastic lamina (Srinivasan 
et al. 2011). Neurofibromatosis type | is another 
common cause of RVH, but other less common 
entities are also encountered such as William’s 
syndrome and idiopathic hypercalcemia of 
infancy. Middle aortic syndrome is a morpholog- 
ical pattern in which the abdominal aorta and one 
or more of its major branches are stenosed. In 
children, especially those with an identifiable 
underlying cause such as neurofibromatosis type 
1, arterial involvement tends to be more extensive 
than in adults with multiple vascular lesions 
including mid-aortic narrowing as well 
(Srinivasan et al. 2011). Bilateral disease and 
involvement of the intrarenal vasculature occur in 
more than 30-50% of children with RVD (Deal 
et al. 1992; Shroff et al. 2006; Tullus et al. 2010; 
Srinivasan et al. 2011). 


Take Away 

There are many causes for RVD that may 
induce hypertension in childhood; they do 
differ partially from adults. Particularly 
childhood RAS often involves more distal 
vessels than the typical arteriosclerotic 
adult-type RAS — with its implication on 
the imaging approach. 


5 Imaging 


There are several imaging modalities for the diag- 
nosis of RVD. Noninvasive methods include 
ultrasonography (US) with Doppler techniques, 
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Table 2 High clinical suspicion of renovascular disease 


Extremely high blood pressure at presentation 
Antihypertensive treatment 
Hypertension not controlled on one or two drugs 
Unacceptable adverse effects of antihypertensive drugs 
Secondary symptoms (e.g., neurological symptoms, 
cardiac failure) 
Syndrome associated with renovascular disease 
" Neurofibromatosis type 1 
Williams syndrome 
Tuberous sclerosis 
Evidence of large vessel vasculitis 
History of renal trauma or radiation 
Umbilical artery catheterization 
Renovascular thrombosis 
High renin levels 
Abdominal bruit 


Renal transplant 


scintigraphy, CT angiography (CTA), and MR 
angiography (MRA). None of these methods can 
rule out RVD (Vo et al. 2006; Tullus et al. 2008). 
However, these techniques are useful in cases of 
low probability for RVD, for follow-up cases, and 
for depicting or excluding other causes of hyper- 
tension. So in children with severe or symptom- 
atic hypertension and in children with the presence 
of positive findings on imaging techniques or with 
high clinical suspicion of RVD (Table 2), cathe- 
ter-based digital subtraction angiography (DSA) 
is still considered as the gold standard for both the 
diagnosis and therapeutic intervention (Tullus 
et al. 2010; Riccabona et al. 2011). 


5.1 Ultrasonography 


with Doppler 


Ultrasonography (US) is a first-line imaging 
modality widely available, easy and safe. It can 
depict most renal causes of hypertension such as 
a small scarred or dysplastic kidney, polycystic 
kidney disease, hydronephrosis, or tumor. Renal 
Doppler techniques are most useful in diagnos- 
ing RVD; it is however operator dependent and 
requires operator’s experience (Castelli et al. 
2013). Moreover, it is difficult to visualize directly 
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the stenosis of small vessels in children such as 
the renal branches and accessory renal arteries or 
even the main renal artery in small infants (Brun 
et al. 1997; Tullus et al. 2010). For this reason, 
the diagnosis is usually based on indirect findings 
such as the very low intrarenal resistive index, 
and the tardus-parvus spectral Doppler waveform 
usually depicted in more distal vessels (Patriquin 
etal. 1992; Brunet al. 1997; Li et al. 2006; Castelli 
et al. 2014). Several Doppler findings and flow 
parameters have been widely used for RVD diag- 
nosis in adults. A recent analysis of 88 published 
studies involving 8,147 adult patients and evaluat- 
ing four parameters (peak systolic velocity, accel- 
eration time, acceleration index, and renal-aortic 
ratio) showed that sonography is a moderately 
accurate screening test for renal artery stenosis 
(RAS) (Williams et al. 2007). The single mea- 
surement, peak systolic velocity, has the highest 
performance characteristics, an expected sensi- 
tivity of 85% and specificity of 92 % (Williams 
et al. 2007). However, it is not clear whether 
the accepted criteria in adults, i.e., a peak sys- 
tolic velocity >180-200 cm/s, acceleration time 
>80 ms (both parameters show age-dependent 
variations in early childhood), side difference 
of resistive index >0.05, and renal artery to aor- 
tic flow velocity ratio >3-3.5, are applicable to 
children (Bud et al. 1999; Riccabona et al. 2011). 
Only the typical distal tardus-parvus waveform, 
which is seen unilaterally, distal to a severe RAS, 
or bilaterally in aortic coarctation or middle aortic 
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syndrome (Fig. 1), and the direct visualization of 
the stenosis on color Doppler sonography such as 
the turbulent flow at increased velocity causing 
aliasing (Figs. 2 and 3) are reliable predictors for 
childhood RAS (Tullus et al. 2010; Riccabona 
et al. 2011; Castelli et al. 2013). Despite many 
recent advances in US, however, false-positive 
and false-negative studies for branch artery or 
even main renal artery stenosis may still occur 
(Brun et al. 1997; Castelli et al. 2014). A nor- 
mal US study does not exclude a single renal 
scar, renovascular pathology, or a small pheo- 
chromocytoma (especially if it is extra-adrenal), 
and so further imaging is needed. The current 
recommendation is that children with a diagno- 
sis of RVD on US and Doppler sonography and 
children with a negative US study but with a high 
probability of RVD or severe hypertension (stage 
2 in all ages and stage 1 in less than 1-year-old) 
should be referred for catheter angiography with 
renal vein sampling, potentially with simultane- 
ous endovascular treatment (Tullus et al 2010; 
Riccabona et al 2011). Further noninvasive imag- 
ing by CTA or MRA has no significant benefit in 
these children, only creating additional costs and 
delays (Riccabona et al 2011). In children, how- 
ever, with negative Doppler US and a low clinical 
suspicion of RVD (see Table 2), further imaging 
with other noninvasive techniques is indicated. 
If US shows other pathologies to be the cause of 
hypertension, further appropriate imaging will be 
needed such as a diuretic renogram with 99mTc- 


Fig. 1 A 7-year-old male with neurofibromatosis type 1 
and middle aortic syndrome. (a) Doppler ultrasound 
shows a “tardus-parvus” pattern with prolonged accel- 
eration time and low velocity systolic peak in an artery 
at the right renal hilum. This was also present on the left 
side, suggesting aortic and/or bilateral renal artery ste- 
nosis. (b) Volume-rendered CT image shows an aortic 


stent (large arrow). There are two arteries to the right 
kidney (small arrows). (c) Coronal reformatted CT 
image shows that these two arteries have a common ori- 
gin, which may be narrow (arrow). (d) Aortography 
confirms that the right renal arteries have a common ori- 
gin (arrow) and shows that both have mild focal 
stenoses 
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Fig. 2 CT of the abdomen of a 17-year-old male with 
hypertension. (a) Long segment of narrowing in the right 
renal artery (between arrows). The caliber of the left 
renal artery is normal (arrowhead). The right kidney is 
diffusely atrophied with cortical thinning. There is com- 
pensatory hypertrophy of the left kidney. (b) Spectral 
Doppler ultrasound. Corresponding spectral Doppler 
ultrasound shows decreased diastolic flow and increased 


Fig. 3 Color Doppler ultrasound of a young child with 
intrarenal artery stenosis. The site of stenosis can be seen 
as aliasing due to turbulent blood flow via the reduced 
lumen of the vessel (Courtesy of M. Riccabona, MD, Prof. 
University Hospital of Graz, Austria) 


labeled mercaptoacetyltriglycine (MAG3) in 
hydronephrosis (to assess function and drainage) 
or a dimercaptosuccinic acid (DMSA) study and 
a cystogram in a small and/or scarred kidney (to 
assess function and possible VUR). 


5.2 Post-captopril Renal 


Scintigraphy 


Renal scintigraphy using 99mTc-labeled DMSA 
or MAG3, before and after administration of an 
angiotensin-converting enzyme inhibitor such as 
captopril, is potentially a very elegant method of 
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peak systolic velocities in the main renal artery with 
resulting aliasing in the long stenotic segment and ele- 
vated resistive index (0.88) indicative of the stenosis. 
Note that the peak systolic velocity is not very high prob- 
ably because of the reduced flow volume due to the 
increased renal vascular resistance (Bud et al. 1999) 
(Courtesy of A. Ntoulia, MD, PhD; Children’s Hospital 
of Philadelphia, Pennsylvania, USA) 


revealing RVD in children (Fig. 4). However cap- 
topril scintigraphy has poor accuracy in diagnosing 
RVD in children especially in bilateral or segmen- 
tal disease (Ng et al. 1997; Abdulsamea et al. 2010; 
Reusz et al. 2010; Tullus et al. 2010). So its role as 
a part of a rational algorithm for the evaluation of 
hypertension in children remains controversial. In 
practice, the results of this technique have not been 
good enough to identify with sufficient accuracy 
which children with severe hypertension do not 
need angiography. The sensitivity and specificity 
for RVD are reported to be 48-73 % and 68-88 %, 
respectively (Ng et al. 1997; Minty et al. 1993; 
Abdulsamea et al. 2010). Although detection of 
segmental abnormalities is sometimes possible 
with this technique (Cheung et al. 2004), the high 
prevalence of bilateral and/or branch artery RVD 
may well limit its utility in children. 


5.3 Computed Tomographic 


Angiography (CTA) 


Computed tomographic angiography (CTA) 
provides excellent resolution, allowing high- 
quality multiplanar 2D/3D reconstructions; it is 
rapid resulting in fewer motion-related artifacts 
and less need for sedation and it is ssreproduc- 
ible (Castelli et al. 2013; Kurian et al. 2013). 
Disadvantages of CTA include the need for IV 
iodinated contrast material and ionizing radia- 
tion exposure, although pediatric appropriate 
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Fig.4 A 5-year-old male with right renal artery stenosis. 
(a) Pre-captopril scintigraphy with ®°™Tc-labeled mercap- 
toacetyltriglycine (MAG3). The left kidney (dashed line) 
shows normal handling of the tracer. The right kidney 
shows slow transit and only 40% of total renal function. 
(b) Post-captopril MAG3 scintigraphy. There was a signifi- 
cant hypotensive response to captopril (systolic blood 
pressure fell from 170 to 100 mmHg). This accounts for 
the delayed transit on the left side. The right kidney shows 


Fig. 5 CT angiography of 16-year-old male with 
Williams syndrome. High-grade stenosis is noted at the 
origin of the left renal artery (arrow) with poststenotic 
dilatation (arrowhead). Mild diffuse cortical thinning of 
the left kidney compared to the right kidney (Courtesy of 
A. Ntoulia MD, PhD; Children’s Hospital of Philadelphia, 
Pensylvania, USA) 
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more prolonged transit than before and a small fall in 
divided function to 37%. These findings suggest right 
renal artery stenosis. (c) Contrast-enhanced magnetic reso- 
nance angiography (MRA) shows stenosis of the right main 
renal artery (large arrow) and suggests that there may be a 
poststenotic dilatation (small arrow). (d) Digital subtrac- 
tion angiography confirms the stenosis (arrow) and post- 
stenotic dilatation. Note that the MRA underestimates the 
extent of intrarenal disease (old numbering 22.2a-d) 


low-dose radiation exposures can be used with 
high-quality renal CTA examinations (Castelli 
et al. ; Kurian et al. ). CTA has been 
used with high efficacy in the diagnosis of 
renovascular disease in adults; however, in 
children, its diagnostic accuracy is unknown 
(Visrutaratna et al. ). CT angiography 
clearly is adequate for most patients with dis- 
ease of the aorta and main renal arteries (Fig. 5), 
(Vade et al ). At present CTA should not be 
used to screen for RAS because the site of steno- 
sis in children is frequently in second-order ves- 
sels and CTA might not be able to evaluate these 
small caliber vessels. Due to these technical 
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challenges, and the high radiation dose of CTA, 
catheter-based digital subtraction angiography 
is still the preferred option in children with a 
high probability for RVD (Visrutaratna et al. 
2009). Furthermore, conventional angiography 
offers the opportunity for angioplasty, if appro- 
priate, at the same time as the diagnostic study. 


5.4 Magnetic Resonance 


Angiography (MRA) 


Magnetic resonance angiography (MRA) is cur- 
rently adequate for assessment of the aorta and 
main renal arteries. Some studies in adults report 
very high accuracy (up to 90%) in significant 
RVD; however, in children, there are no published 
studies comparing MRA with DSA in meaningful 
numbers (Tullus et al. 2008, 2010). Advantages 
of MRA include excellent contrast resolution, 
the ability to obtain three-dimensional images 
either without or with IV contrast material, and 
the lack of ionizing radiation exposure (Castelli 
et al. 2013). Disadvantages of MRA compared 
with CTA include lower spatial resolution limit- 
ing successful evaluation of intrarenal branches 
and small accessory renal arteries, the potential 
to exaggerate areas of arterial narrowing, and the 
presence of movement and flow artifacts (Castelli 
et al. 2013; Tullus et al. 2010). Despite these lim- 
itations, new techniques, including quantification 
of renal blood flow and perfusion imaging, may 
increase the ability of MRA to identify RVD in 
the future (Tullus et al. 2010). 


5.5 Digital Subtraction 


Angiography (DSA) 


Digital subtraction angiography (DSA) is con- 
sidered as the gold standard for diagnosing 
renovascular causes of hypertension, primarily 
because of its excellent spatial, contrast, and 
temporal resolution (Castelli et al. 2013; Tullus 
et al. 2010). DSA has the additional advantages 
of potential renal vein renin sampling for lat- 
eralizing an ischemic focus (or even localizing 
it within a kidney), and for the endovascular 
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treatment of some lesions, both of which can be 
performed at the same time as diagnostic DSA 
(Deal et al. 1992; Teigen et al. 1992; Tullus et al. 
2010). Disadvantages of DSA are that it gener- 
ally entails a higher radiation dose than a CTA, it 
carries a small risk of arterial damage, it almost 
always requires general anesthesia, and it does 
not give direct information about arterial wall 
(Tullus et al. 2010). In younger children, less 
than about 10 years of age, DSA is exclusively 
performed under general anesthesia, especially 
if angiography is being performed with a view 
to immediate intervention. Muscle relaxants are 
used to allow the suspension of ventilation dur- 
ing acquisition, to minimize subtraction artifacts. 
Diagnostic angiography is usually performed 
following US-guided puncture of the common 
femoral artery. Biplane aortography provides 
views of the origins of the renal and visceral 
arteries (Fig. 1). Selective renal angiography 
with oblique projections is performed to provide 
detailed images of the renal arteries and their 
branches without opacification of overlying supe- 
rior mesenteric artery branches (Fig. 4). Views of 
the pelvis and celiac branches are included for 
surgical planning when required. Modern centers 
are increasingly using rotational angiography to 
acquire CT-like 3D volumes which allow mul- 
tiplanar reconstructions and three-dimensional 
reconstructions of the vascular tree and spe- 
cifically of affected vessels (see also chapter 
“Pediatric Genitourinary Intervention”). 


Take Away 

For imaging in childhood hypertension, 
US is the first imaging test, but may be 
equivocal and insufficient; particularly 
US has limitations in ruling out RAS. 
Scintigraphy and CTA or MRA may offer 
an alternative in children with low proba- 
bility for RVD; however, only DSA is able 
to reliable find or rule out vascular pathol- 
ogy. Thus all children with a high probabil- 
ity of RAS should undergo DSA directly 
after US — potentially with simultaneous 
intravascular treatment. 
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Fig.6 A 9-year-old girl with left renal artery stenosis. (a) 
Digital subtraction angiography shows a tight stenosis of 
the left renal artery (arrow). (b) The waist on the 4-mm 
angioplasty balloon (arrow) corresponds to the stenosis. 


6 Endovascular Treatment 


The decision to proceed to angioplasty or stenting 
is best made by a multidisciplinary renovascular 
team (Tullus et al. 2008), and further reading is 
suggested in chapter “Pediatric Genitourinary 
Intervention” of this book by Towbin et al., 
regarding genitourinary interventions. The com- 
mon femoral artery is the usual access point, with 
an appropriately sized sheath size according to 
the size of the child and the planned procedure. 
Adult coronary angioplasty systems are particu- 
larly useful for small children and segmental 
renal artery stenoses. These can be introduced 
through a 4-F sheath or a 6-F guiding catheter. 
Angioplasty is often successful, particularly in 
simple main renal artery stenoses (Fig. 6) (Shroff 
et al. 2006). In children, stenting is still contro- 
versial and is therefore usually reserved for treat- 
ment of complications or for stenoses that recur 
rapidly following initial clinical success (Shroff 
et al. 2006). Embolization may be appropriate 
if DSA and renal vein renin sampling localize 
a segmental ischemic focus. Ethanol is injected 
into a segmental artery in order to destroy the 
appropriate area of renal parenchyma by caus- 
ing irreversible endothelial damage (Teigen et al. 
1992). There are many surgical options for RVD 
in childhood, but these are usually reserved for 
children in whom endovascular therapy is not 
feasible or has failed (Tullus et al. 2008). 
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(c) Following further inflation and abolition of the waist 
on the balloon, there is a good angiographic result. Note 
that the balloon was selected according to the size of the 
normal renal artery and not the poststenotic dilatation 


Conclusion 

RVD is an important cause of childhood 
hypertension. US may be a first imaging test, 
but has significant limitations. CTA and MRA 
also have restrictions in children; thus DSA is 
the gold standard test and should be performed 
in children with a high probability of RAS/ 
RVD without other previous imaging studies 
even if US is negative. When certain clinical 
and/or imaging findings suggest RVD, chil- 
dren with hypertension should be referred to a 
multidisciplinary pediatric renovascular team 
for consideration of endovascular therapy. 


References 


Abdulsamea S, Anderson P, Biassoni L et al (2010) Pre- 
and postcaptopril renal scintigraphy as a screening test 
for renovascular hypertension in children. Pediatr 
Nephrol 25:317-322 

Brun P, Kchouk H, Mouchet B et al (1997) Value of 
Doppler ultrasound for the diagnosis of renal artery 
stenosis in children. Pediatr Nephrol 11:27-30 

Bud RO, Larson RG, Nichols WW et al (1999) Stenosis of 
the main artery supplying an organ: effect of end- 
organ vascular resistance on the poststenotic peak sys- 
tolic velocity in an in vitro hydraulic model at Doppler 
US. Radiology 212:79-87 

Castelli PK, Dillman JR, Smith EA et al (2013) Imaging 
of renin-mediated hypertension in children. AJR 
200(6):W661—W672 

Castelli PK, Dillman JR, Kershaw DB, Khalatbari S, 
Stanley JC, Smith EA (2014) Renal sonography with 


Renovascular Hypertension 


Doppler for detecting suspected pediatric renin- 
mediated hypertension — is it adequate? Pediatr Radiol 
44(1):42-49 

Cheung WS, Wong KN, Wong YC, Ma KM (2004) 
Segmental renal artery stenosis diagnosed with capto- 
pril renography in a child. Pediatr Radiol 34:636-639 

Deal JE, Snell MF, Barratt TM, Dillon MJ (1992) 
Renovascular disease in childhood. J Pediatr 
121:378-384 

Dillon MJ (1997) The diagnosis of renovascular disease. 
Pediatr Nephrol 11:366—372 (PR) 

Gill DG, de Mendes CB, Cameron JS et al (1976) Analysis 
of 100 children with severe and persistent hyperten- 
sion. Arch Dis Child 51:951-956 

Gomes RS, Quirino IG, Pereira RM et al (2011) Primary ver- 
sus secondary hypertension in children followed up at an 
outpatient tertiary unit. Pediatr Nephrol 26:441-447 

Goonasekera CD, Dillon MJ (2000) Measurement and 
interpretation of blood pressure. Arch Dis Child 
82:261-265 

Kurian J, Epelman M, Darge K et al (2013) The role of CT 
angiography in the evaluation of pediatric renovascu- 
lar hypertension. Pediatr Radiol 43(4):490-501 

Li JC, Wang L, Jiang YX et al (2006) Evaluation of renal 
artery stenosis with velocity parameters of Doppler 
sonography. J Ultrasound Med 25(6):735-742 

McCulloch M, Andronikou S, Goddard E et al (2003) 
Angiographic features of 26 children with Takayasu’s 
arteritis. Pediatr Radiol 33(4):230-235 

Minty I, Lythgoe MF, Gordon I (1993) Hypertension in 
paediatrics: can pre- and post-captopril technetium- 
99m dimercaptosuccinic acid renal scans exclude 
renovascular disease? Eur J Nucl Med 20:699-702 

National High Blood Pressure Education Program Working 
Group on High Blood Pressure in Children and 
Adolescents (2004) The fourth report on the diagnosis, 
evaluation, and treatment of high blood pressure in chil- 
dren and adolescents. Pediatrics 114:555-576 

Ng CS, de Bruyn R, Gordon I (1997) The investigation of 
renovascular hypertension in children: the accuracy of 
radio-isotopes in detecting renovascular disease. Nucl 
Med Commun 18:1017—1028 

Patriquin HB, Lafortune M, Jequier JC et al (1992) 
Stenosis of the renal artery: assessment of slowed sys- 
tole in the downstream circulation with Doppler 
sonography. Radiology 184:479-485 

Reusz GS, Kis E, Cseprekal O, Szabo AJ (2010) Captopril- 
enhanced renal scintigraphy in the diagnosis of pediat- 
ric hypertension. Pediatr Nephrol 25:185-189 

Riccabona M, Lobo NL, Papadopoulou F et al (2011) 
ESPR uroradiology task force and ESUR paediatric 


649 


working group: imaging recommendations in paediat- 
ric uroradiology, Part IV: minutes of the ESPR urora- 
diology task force mini-symposium on imaging in 
childhood hypertension and imaging of renal trauma 
in children. Pediatr Radiol 41(7):939-944 

Rosner B, Prineas RJ, Loggie JM, Daniels SR (1993) 
Blood pressure nomograms for children and adoles- 
cents, by height, sex, and age, in the United States. 
J Pediatr 123:871-886 

Sadowski RH, Falkner B (1996) Hypertension in pediatric 
patients. Am J Kidney Dis 27:305-315 

Shroff R, Roebuck DJ, Gordon I et al (2006) Angioplasty 
for renovascular hypertension in children: 20-year 
experience. Pediatrics 118:268—275 

Slovut DP, Olin JW (2004) Fibromuscular dysplasia. N 
Engl J Med 350(18):1862-1871 

Srinivasan A, Krishnamurthy G, Fontalvo-Herazo L 
et al (2011) Spectrum of renal findings in pediatric 
fibromuscular dysplasia and neurofibromatosis type 
1. Pediatr Radiol 41:308-316 

Teigen CL, Mitchell SE, Venbrux AC, Christenson MJ, 
McLean RH (1992) Segmental renal artery emboliza- 
tion for treatment of pediatric renovascular hyperten- 
sion. J Vasc Interv Radiol 3:111-117 

Tullus K, Brennan E, Hamilton G et al (2008) Renovascular 
hypertension in children. Lancet 371:1453-1463 

Tullus K, Roebuck DJ, McLaren CA, Marks SD (2010) 
Imaging in the evaluation of renovascular disease. 
Pediatr Nephrol 25:1049-1056 

Vade A, Agrawal R, Lim-Dunham J, Hartoin D (2002) 
Utility of computed tomographic renal angiogram in 
the management of childhood hypertension. Pediatr 
Nephrol 17:741-747 

Visrutaratna P, Srisuwan T, Sirivanichai C (2009) Pediatric 
renovascular hypertension in Thailand: CT angio- 
graphic findings. Pediatr Radiol 39:1321—1326 

Vo NJ, Hammelman BD, Racadio JM et al (2006) 
Anatomic distribution of renal artery stenosis in chil- 
dren: implications for imaging. Pediatr Radiol 
36:1032-1036 

Watson AR, Balfe JW, Hardy BE (1985) Renovascular 
hypertension in childhood: a changing perspective in 
management. J Pediatr 106:366-372 

Williams G, Macaskill P, Chan S et al (2007) Comparative 
accuracy of renal duplex sonographic parameters in 
the diagnosis of renal artery stenosis: paired and 
unpaired analysis. AJR 188:798-811 

Wyszynska T, Cichocka E, Wieteska-Klimezak A, Jobs K, 
Januszewicz P (1992) A single pediatric center experi- 
ence with 1,025 children with hypertension. Acta 
Paediatr 81:244—246 


Part VII 


Urinary Tract Tumors, Trauma and 
Intervention 


® 


Check for 
updates 


Neoplasms of the Genitourinary 


System 


Eline Deurloo, Hervé Brisse, and Anne Smets 


Contents 


1 Renal Tumors. 
AL TCA eaan 
1.2 Wilms’ Tumor or Nephroblastoma.. i 
1.3 Non-wilms’ Malignant Tumots.......0.....cceeeee 
14. Benigni Tumors ssnin 
15: Pseudotumoral COmditon sss scsssciiccssaciisicctessaiss 
1.6 Diagnostic Strategy of Renal Neoplasms 

A GoD ORR so AEE a EE 


2 Neoplasms of the Lower 

Genitourinary Tract..........0.0.0cccccccsceseseeeeeee 
ZA RhiabdomyoséóMi nenea 
2.2 Diffsrential DiAgnhOSiSiissrressrcsesoestroresoitsiss 


ROC oS 


E. Deurloo, MD, PhD (Ù<) ° A. Smets, MD 
Department of Radiology, Academic Medical Center, 
Meibergdreef 9, 1105 AZ Amsterdam, 

The Netherlands 

e-mail: e.e.deurloo@amc.uva.nl 


H. Brisse, MD, PhD 
Department of Radiology, Institut Curie, 
26 rue d’Ulm, Paris 75005, France 


List of Abbreviations 


ADC 
ALK 
A-RMS 
BP RMS 
CCSK 
CDS 
CMN 
CPDN 


CXR 
DWI 
EFS 
EpSSG 


E-RMS 
FDG-PET 


GU 
ILNRs 
IVC 
MA 
MRTK 


NRs 
NSS 
NWTSG 


PLNRs 
pPNET 


© Springer International Publishing AG, part of Springer Nature 2018 
M. Riccabona (ed.), Pediatric Urogenital Radiology, Medical Radiology, 


https://doi.org/10.1007/978-3-319-39202-8_36 


Apparent diffusion coefficient 
Anaplastic lymphoma kinase 
Alveolar-type rhabdomyosarcoma 
Bladder-prostaterhabdomyosarcoma 
Clear cell sarcoma of the kidney 
Color Doppler sonography 
Congenital mesoblastic nephroma 
Cystic partially differentiated 
nephroblastoma 

Chest X-ray 

Diffusion weighted imaging 
Event-free survival 
European paediatric Soft 
Sarcoma Study Group 
Embryonal-type rhabdomyosarcoma 
Fludeoxyglucose positron emission 
tomography 

Genitourinary 

Intralobar nephrogenic rests 

Inferior vena cava 

Metanephric adenoma 

Malignant rhabdoid tumor of the 
kidney 

Nephrogenic rests 

Nephron-sparing surgery 

North American National Wilms’ 
Tumor Study Group 

Perilobar nephrogenic rests 
Peripheral primitive neuroectoder- 
mal tumor 


tissue 


653 


654 

PT RMS  Paratesticular rhabdomyosarcoma 
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RTSG Renal Tumour Study Group 

SIOP International Society of Pediatric 
Oncology 

US Ultrasound 

VOD Veno-occlusive disease 

WT Wilms’ Tumor 

1 Renal Tumors 

1.1 Introduction 


Nephroblastoma or Wilms’ tumor (WT) is the 
most common renal neoplasm in children 
accounting for 90% of pediatric renal tumors 
(Pastore et al. 2006). It is a tumor with a good 
prognosis and with well-established treatment 
strategies. Other rare malignant renal tumors, 
such as clear cell sarcoma and rhabdoid tumor of 
the kidney, have a poor prognosis despite aggres- 
sive treatment. Renal cell carcinoma occurs in 
older children, while mesoblastic nephroma is 
the most frequent renal tumor in the neonate. 
Hematological malignancies, the most frequent 
neoplasms in children, may also involve the kid- 
ney, most often as part of a multi-organ involve- 
ment. Renal infections and malformations are 
much more common in children than renal 
tumors and may show a pseudotumoral pattern 
mimicking a renal tumor. In all cases, close col- 
laboration among radiologists, pediatricians, and 
pathologists is essential so as to avoid diagnostic 
pitfalls due to atypical presentations. 


1.2 Wilms’ Tumor or 
Nephroblastoma 
1.2.1 Epidemiology 


Wilms’ tumor accounts for 6 % of childhood can- 
cers but for 90% of renal tumors in childhood 
(Grundy et al. 2002). It is the fourth most com- 
mon pediatric cancer after acute leukemia, brain 
tumors, and neuroblastoma. The incidence of WT 
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is 8.1/106 in Caucasian children under the age of 
15 (Breslow et al. 1994). Most WTs are solitary 
lesions, but about 12 % of children develop mul- 
tifocal tumors within a single kidney and almost 
7% have bilateral involvement at diagnosis or 
later on (Pastore et al. 2006). 

The most common unilateral form occurs at a 
mean age of 3.5 years (mostly between 1 and 5 
years, 98 % before 7 years) with a male to female 
ratio of 0.92:1 (Grundy et al. 2002). Neonatal or 
prenatal WTs are extremely rare (Isaacs 2008). 
Familial cases are rare (1-2 %) (Breslow et al. 
1996). In 9-17 % of WT patients, there is a pre- 
disposing syndrome, specifically WT l-associated 
syndromes and overgrowth syndromes such as 
WAGR syndrome (Wilms’ tumor, aniridia, geni- 
tourinary malformations, and mental retardation) 
and Denys-Drash syndrome (DDS; mesangio- 
sclerosis, Wilms’ tumor, and pseudohermaphro- 
ditism/genitourinary malformations). The most 
common overgrowth syndrome is Beckwith- 
Wiedemann syndrome (hemihypertrophy, mac- 
roglossia, macrosomia, neonatal hypoglycemia, 
abdominal wall defects, and increased risk for 
Wilms’ tumor and other embryonal tumors). 

Bilateral synchronous WT is more frequent in 
girls (sex ratio: 0.6:1), at a younger age (mean: 
2.5 years), and the association with nephrogenic 
rests, congenital malformations, and/or predis- 
posing genetic syndromes is higher than in uni- 
lateral WT (Scott et al. 2006a; Segers et al. 2012) 
(Table 1). 


1.2.2 Pathology 


1.2.2.1 Wilms’ Tumor 

The typical form is a large lesion, surrounded by 
a pseudocapsule and sharply delineated from the 
adjacent renal parenchyma. The internal structure 
is usually heterogeneous, with hemorrhagic and/ 
or necrotic cystic areas (Fig. 1). The typical “tri- 
phasic” tumor is composed of blastemal, epithe- 
lial, and stromal cells, but variable patterns may 
be observed (Schmidt and Beckwith 1995). 
Regarding correlation between the histological 
features and survival, three histological risk 
groups were defined by the International Society 
of Pediatric Oncology (SIOP), based on 
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Fig. 1 Wilms’ tumor in a 5-year-old girl. (a) Gross spec- 
imen: large, well-demarcated mass containing cystic 
areas (courtesy Prof. M. Peuchmaur, Hopital R Debré, 
Paris, France). (b) Corresponding abdominal ultrasound 
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showing a heterogeneous mass (M) containing fluid- 
filled areas and surrounded by the residual normal paren- 
chyma of the kidney (K) 


Table 2 SIOP working classification of pretreated renal tumors 


Low risk Intermediate risk 
Cystic partially differentiated Nephroblastoma 
nephroblastoma (CPDN) Epithelial type 
Completely necrotic Stromal type 
nephroblastoma Mixed type 


Mesoblastic nephroma 
tumor) 
Focal anaplasia 


Regressive type (>2/3 nonviable 


High risk 
Nephroblastoma 

Blastemal type 

Diffuse anaplasia 
Clear cell sarcoma of the kidney 
(CCSK) 
Rhabdoid tumor of the kidney 
(MRTK) 


Vujanic et al. (2002) 


histological findings after pretreatment with che- 
motherapy (SIOP 2001) (Table 2). “Low-risk” 
tumors are tumors that have become completely 
necrotic after neoadjuvant chemotherapy and 
cystic partially differentiated nephroblastoma 
(CPDN), a variant that usually occurs in children 
less than 2 years of age. It is defined by tumors 
composed entirely of cysts with thin septa 
(<5 mm) containing blastemal cells in any 
amount, with or without other embryonal stromal 
or epithelial cell types. The prognosis of CPDN is 
excellent (Luithle et al. 2007). 

The difference between the various types of 
“intermediate-risk” tumors is based on the 
amount of remaining viable tumor and on the 
predominance (66 %) of histological elements in 
the remaining viable tumor: epithelial, stromal, 
mixed, regressive, or focal anaplasia. A peculiar 
and rare histological variant is teratoid Wilms’ 


tumor. This tumor contains heterologous tissues 
(fat, glial tissue, muscle, cartilage, or bone) 
(Inoue et al. 2006). This variant may be bilateral 
and may present with pyeloureteral obstruction, 
uremia, and hypertension (Fernandes et al. 1988). 

“High-risk” tumors include blastemal and dif- 
fuse anaplasia types. Blastemal WT is defined by 
a residual viable component consisting of at least 
2/3 of blastema. This type is associated with a 
worse prognosis and resistance to chemotherapy. 
WT with diffuse anaplasia is the other high-risk 
type. Three histological criteria are necessary to 
meet the diagnosis of anaplasia: the presence of 
atypical mitotic figures, marked nuclear enlarge- 
ment, and the presence of hyperchromatic tumor 
cell nuclei. WT with diffuse anaplasia is a high- 
grade malignancy subtype, uncommon in infants, 
observed at a mean age of 5 years (Vujanic et al. 
1999) and is more frequent in black children. 
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Focal anaplasia consists of only a few discrete 
sharply demarcated foci (a single focus not larger 
than 15 mm, two or more foci not larger than 
5 mm) within a primary intrarenal tumor. As 
mentioned above, tumors with only focal anapla- 
sia are classified as “intermediate risk.” 


1.2.2.2 Nephrogenic Rests 
and Nephroblastomatosis 

Nephrogenic rests (NRs) are persistent micro- 
scopic or macroscopic clusters of embryonal 
metanephric blastema within the kidney. The two 
main types are perilobar nephrogenic rests 
(PLNRs), sharply demarcated at the periphery of 
the renal cortex, occurring frequently in hemihy- 
pertrophy and Beckwith-Wiedemann syndromes 
and intralobar nephrogenic rests (ILNRs) situ- 
ated within the renal lobe and associated with 
WTI gene, sporadic aniridia, WAGR, and Denys- 
Drash syndromes (Beckwith et al. 1990; 
Lonergan et al. 1998). NRs are histologically 
classified as: dormant, sclerosing, hyperplastic, 
or neoplastic. Hyperplastic nodules are consid- 
ered precursor lesions to WT (Beckwith 1993) 
and are difficult to distinguish from WT, both on 
imaging and pathology (Beckwith 1998; Subhas 
et al. 2004; Cox et al. 2014; Charlton et al. 2015). 

NRs are discovered incidentally in about 1 % 
of normal infant’s kidneys (Beckwith 1998) but 
in 41 % of unilateral WT specimens, in 99 % of 
synchronous bilateral WT, and in 94% of meta- 
chronous bilateral WT (Beckwith 1993). 

Nephroblastomatosis is defined by diffuse or 
multifocal involvement of the kidneys with NRs. 
Diffuse perilobar nephroblastomatosis results in 
bilateral enlarged kidneys with loss of corticome- 
dullary differentiation. NRs are an important clue 
in the differential diagnosis of a renal tumor in a 
child since they have only rarely been described 
in association with a renal tumor of childhood 
other than WT (Vujanic et al. 1995). 


1.2.3 Clinical Features 
1.2.3.1 Sporadic Wilms’ Tumor 


WT is a very rapidly growing tumor with a dou- 
bling rate estimated at 11 days (Zoubek et al. 
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1999). Sporadic tumors usually present with non- 
specific clinical symptoms: abdominal mass, 
pain, or swelling. Hematuria, fever (20%), and 
hypertension (25 %) are other frequent findings. 
Varicocele may be associated with renal vein or 
IVC thrombosis. WT-associated abnormalities 
are cryptorchidism (prevalence: 4.7 %), hypospa- 
dias (2 %), and sporadic hemihypertrophy (2.5 %) 
(Grundy et al. 2002; Breslow et al. 1993). 


1.2.3.2 Wilms’ Tumor Screening 

in Patients with Predisposing 

Syndromes 
Screening for WT in children with predisposing 
syndromes (Table 1) is based on the hypothesis 
that the detection of a tumor at an early stage may 
decrease morbidity and permits curative nephron- 
sparing surgery. This more conservative type of 
surgery is considered in these patients with predis- 
posing genetic syndromes who are at risk of devel- 
oping metachronous renal tumors, in bilateral WT, 
in unilateral WT with contralateral urological or 
nephrological disorders, and in carefully selected 
patients with non-syndromic unilateral WT (Wilde 
et al. 2014; Cozzi and Zani 2006; Kieran et al. 
2014). Surveillance should be offered after evalua- 
tion by aclinical geneticist to assess the tumor risk 
according to the individual genetic abnormalities. 
Ultrasound (US) is the primary screening exami- 
nation recommended for children at more than 5 % 
risk of developing a WT. US screening is recom- 
mended every 3 or 4 months until the age of 5 or 7 
years, depending on the genetic profile. As false- 
positive examinations may result in unnecessary 
surgery, therefore screening-detected lesions 
should be managed in reference centers (Owens 
et al. 2008; Scott et al. 2006a). 
1.2.4 Imaging of Wilms’ Tumor 
1.2.4.1 Common WT Radiological Pattern 
Since WT is a rapidly growing tumor, the mass is 
usually large at diagnosis (>5—10 cm) (Fig. 2). 
US typically shows a solid noncalcified hetero- 
geneous lesion containing various amounts of 
anechoic areas representing hemorrhage, necro- 
sis, and/or epithelial cysts (Fig. 1). CT scan 
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Fig. 2 Wilms’ tumor in a 5-year-old girl. MRI (a) axial 
Tl-weighted image, (b) axial T2-weighted image with 
fat saturation, (c) axial DWI with b value of 800 (d) 
axial ADC, (e) sagittal and (f) coronal T2-weighted 


shows a heterogeneous and low attenuating 
lesion. With intravenous injection of contrast 
agent, the lesion enhances heterogeneously and 
to a lesser degree than the normal renal cortex 
(Brisse et al. ; Smets and de Kraker ; 
Goske et al. ). MRI demonstrates a hetero- 
geneous lesion with relatively low signal inten- 
sity on Tl-weighted sequences and low or 
intermediate signal intensity compared to the 
renal cortex with hyperintense necrotic or cystic 
areas on T2-weighted images (Fig. 2). WTs have 
a high cellularity and show diffusion restriction 
on diffusion weighted imaging (DWI) with high 
b-values. Because of the heterogeneity of WT 
and the fact that ADC values vary with the dif- 
ferent cellular subtypes, the overall mean ADC 
value does not reflect the tumor composition nor 
the predominant histology (Hales et al. ). 


1.2.4.2 Atypical Patterns 

Curvilinear intratumoral calcifications may be 
observed in 5-10% of WT (Navoy et al. ). 
Macroscopic fatty components are rarely observed 


images: these MRi images show a large inhomoge- 
neous mass in the left kidney. ADC shows restricted 
diffusion, indicating a high cell density 


(Parvey et al. ) but may occur in teratoid 
forms (Park et al. ). CPDN presents as a 
well-limited, purely cystic mass with multiple 
septations (Fig. 3) (Agrons et al. ). This form 
has to be recognized because it is treated with pri- 
mary surgery and has an excellent prognosis. 
“Botryoid” forms have been reported as WT with 
primary intrapelvic development and exceptional 
extension down the ureter into the bladder (Fig. 4) 
(Xu et al. ; Nagahara et al. ). 


1.2.4.3 Bilateral Disease 

Bilateral and/or multifocal nodules may corre- 
spond to either bilateral WT and/or nephrogenic 
rests. Macroscopic NRs_ are occasionally 
observed, either in the remaining parenchyma or 
within the contralateral kidney. On sonography, 
the conspicuousness of these lesions is low 
because their echogenicity is close to that of 
renal cortex. The sensitivity of the technique 
can be enhanced with high-frequency 
transducers and tools such as harmonic imag- 
ing, Power Doppler, or contrast-enhanced 
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Fig.3 Cystic partially differentiated nephroblastoma (CPDN) in an 8-month-old boy. Both ultrasound (a) and enhanced 
CT scan (b) show a well-demarcated, purely cystic mass with multiple septations 


Fig. 4 Botryoid type of Wilms’ tumor in a 6-year-old girl, 
presenting with dysuria and urine containing fragments of 
tissue. (a) Ultrasound of the kidney. (b) Ultrasound of the 
mid-ureter. MRI (c, d) coronal T2-weighted images, ((e, f) 


US. Corticomedullary differentiation may be 
lost with diffuse nephroblastomatosis (Lonergan 
et al. 8). On CT, NRs appear as homoge- 
neous peripheral plaque-like foci or nodules 
with a slightly higher attenuation value than the 
normal renal parenchyma on unenhanced 
images. Nodules enhance homogeneously after 
intravenous injection of contrast, but to a lesser 
degree than the normal renal cortex (Fig. 5). On 
MRI, nephroblastomatosis cannot be differenti- 
ated from the normal renal parenchyma on 


axial T2-weighted fat-saturated images). There is dilatation 
of the renal collecting system with a central mass (M) 
extending into the dilated ureter (m). A JJ stent was posi- 
tioned in the ureter (short arrows) 


T1-weighted images, but after gadolinium injec- 
tion, hyperplastic NRs are hypointense to nor- 
mal renal tissue. On T2-weighted images, 
hyperplastic NRs are isointense or slightly 
hyperintense to renal cortex, while sclerotic 
nephrogenic rests are hypointense. On all 
images, the signal intensity of nephrogenic rests 
is homogeneous (Fig. 6) (Gylys-Morin et al. 
J: 

In patients with a WT, the additional macro- 

scopic NRs in the ipsilateral kidney are more accu- 
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Fig. 5 Diffuse nephroblastomatosis in a 2-year-old 
girl with a predisposing syndrome (hemihypertrophy). 
Ultrasound (a) shows diffuse enlargement of the right 
kidney with loss of corticomedullary differentiation. 


Fig.6 Diffuse nephroblastomatosis. Coronal T2-weighted 
MRI showing diffuse enlargement of both kidneys and 
diffuse thickening of renal cortex 


rately depicted with CT or MRI (sensitivity: 57% 
and 67 %, respectively) than with ultrasound (sensi- 
tivity: 6%). The most reliable criterion to differenti- 
ate NRs from WT is their overall homogeneity 
(Rohrschneider et al. 1998). However, the differen- 
tiation between small WT and NRs cannot rely on 
imaging only (Fig. 7) (Subhas et al. 2004; Cox et al. 
2014). DWI might play a role in the differentiation 
of WT from NRs; however, its value is still 


Enhanced CT scan (b) shows low attenuating homoge- 
neous peripheral plaque-like masses. Pathological 
analysis revealed diffuse nephroblastomatosis and 
three focal stage I WT 


unknown. In imaging reports the term “bilateral dis- 
ease” should hence be used instead of “bilateral 
tumors.” 


1.2.4.4 Locoregional Tumor Extent 
The most relevant information is the vascular 
extension of tumor through the renal vein (Fig. 8) 
and IVC (Fig. 9), occurring in 5-10 % of cases. 
Patency of the renal vein is assessed preferably 
with color Doppler sonography (CDS), whereas 
IVC thrombosis is usually identifiable on gray- 
scale ultrasound. The superior extent of the 
thrombus should be identified, and the hepatic 
veins and right atrium must be checked for pos- 
sible intravascular or intracardiac extension. 

Hilar or para-aortic lymph nodes are to be 
mentioned in reports but carefully interpreted, 
since small lymph nodes may be invaded by 
tumoral cells, whereas large lymph nodes may 
only be inflammatory at pathology (Gow et al. 
2000). The final local staging is obtained after 
surgery, on the basis of histopathological findings 
(Table 3). 

Although rare, intraperitoneal tumor rupture is 
a major risk factor of abdominal recurrence 
(Shamberger et al. 1999). Tumor rupture may 
occur spontaneously, after minor abdominal 
trauma, during a surgical biopsy procedure or 
during surgery. Preoperative occurrence of tumor 
rupture is a rare event, and the incidence of emer- 
gency surgery related to preoperative tumor 
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Fig. 7 Macroscopic nephrogenic rests and Wilms’ tumors in 
a 7-month-old girl. Ultrasound (a) and MRI (b) coronal 
T2-weighted, and (c) coronal contrast-enhanced T1-weighted 
images show multiple bilateral heterogeneous nodules. After 


Fig.8 Right renal vein tumor thrombosis associated with 
Wilms’ tumor (M). Ultrasound shows an enlargement of 
the renal vein (arrowheads) filled with echogenic 
material 


rupture was estimated at 1.8 % (Godzinski et al. 

). Isolated peritoneal effusion is not a reli- 
able sign of rupture. An isolated small amount of 
peritoneal fluid, usually located in the Douglas 
recess, is frequently observed at diagnosis in 
patients with WT. It is thought to correspond to a 
nonspecific inflammatory reaction of the perito- 
neum due to the rapid tumor growth or to [VC 
compression or thrombosis. The presence of 


bilateral nephrectomy, pathological analysis showed two 
stage I WT and three macroscopic nephrogenic rests on the 
right side and eight stage I WT and two nephrogenic rests on 
the left side 


Fig. 9 Inferior vena cava thrombosis related to Wilms’ 
tumor. Ultrasound (sagittal image) shows enlargement of 
the IVC (arrows). The thrombosis reaches the right atrium 
(RA). L liver 


ascites beyond the cul-de-sac, irrespective of 
attenuation, was reported to be the most useful 
indicator on enhanced CT of preoperative Wilms 
tumor rupture in a recent study (Khanna et al. 
13). Patients with retroperitoneal tumor rup- 
ture demonstrate intratumoral, subcapsular, or 
perirenal hemorrhage (Fig. 10) (Byerly et al. 
6). Hemoperitoneum and/or intraperitoneal, 
mesenteric, and/or omental masses are related to 
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Table 3 Histological staging criteria for renal tumors of childhood with exception of RCC according to UMBRELLA 
SIOP-RTSG 2015 protocol 


Stage I (a) The tumor is limited to the kidney or surrounded with a fibrous (pseudo) capsule if outside of the 
normal contours of the kidney. The renal capsule or pseudocapsule may be infiltrated by the tumor, 
but it does not reach the outer surface 

(b) The tumor may be protruding (“bulging”) into the pelvic system and “dipping” into the ureter but is 
not infiltrating their walls 

(c) The vessels or the soft tissues of the renal sinus are not involved 

(d) Intrarenal vessel involvement may be present 

Necrotic tumor in the renal sinus or perirenal fat does not upstage if completely excised 

Fine needle aspiration or percutaneous core needle (tru-cut) biopsy does not upstage but size of needle 

should be reported to the pathologist 

Stage II__| (a) Viable tumor penetrates through the renal capsule and/or fibrous pseudocapsule into the perirenal 
fat but is completely resected 

(b) Viable tumor infiltrates the soft tissues of the renal sinus 

(c) Viable tumor infiltrates blood and lymphatic vessels of the renal sinus or in the perirenal tissue but 
is completely resected 

(d) Viable tumor infiltrates the renal pelvic or ureter’s wall 

(e) Viable tumor infiltrates adjacent organs or IVC but is completely resected 

Stage III | (a) Viable tumor extends to the resection margins. If there is only nonviable tumor at inked resection 
line, it is regarded as stage III if viable tumor is closer than 5 mm to the inked margin. If viable 
tumor is more than 5 mm distant from the resection line and only regressive changes are found at 
inked margin, it does not upstage the tumor 

(b) Any abdominal lymph nodes are involved 

(c) Intraoperative tumor rupture 

(d) Tumor penetration through the peritoneal surface 

(e) Tumor implants are found on the peritoneal surface 

(f) Tumor thrombi present at resection margin of vessels or ureter, transected or removed piecemeal by 
surgeon 

(g) The tumor has been surgically biopsied (wedge biopsy) prior to preoperative chemotherapy or 
surgery 

Stage IV | Hematogenous metastases (lung, liver, bone, brain, etc.) or lymph node metastases outside the 

abdominopelvic region 

Stage V | Bilateral renal tumors at diagnosis (each side should be substaged according to the above criteria) 


Fig. 10 Retroperitoneal Wilms’ tumor rupture in a (H). Enhanced CT (b) shows subcapsular effusion related 
9-year-old girl presenting with acute abdominal pain. to tumor rupture (*). Wilms’ tumor (M) 
Unenhanced CT scan (a) shows a perirenal hematoma 


intraperitoneal dissemination (Fig. 11) (Slasky 2008a). Since treatment of intraperitoneal rup- 
et al. 1997). Tumor rupture is reported to be clini- ture includes whole abdomen radiotherapy, the 
cally silent in 33% of patients (Brisse et al. diagnosis should rely on relevant findings such as 
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Fig. 11 Intraperitoneal 
Wilms’ tumor rupture 
in a 4-year-old girl 
presenting with a 
painless right 
abdominal mass. 
Enhanced CT scan (a, ¢) 
with sagittal 
reconstruction (b) 
shows direct peritoneal 
extension (arrows ina 
and b) and pouch of 
Douglas peritoneal 
location (arrows in c) 


peritoneal lesions observed during surgery or 
obvious macroscopic intraperitoneal nodules on 
initial imaging. 


1.2.4.5 Distant Metastases 
Distant metastases at diagnosis are observed in 
about 10% of cases. The lungs are usually the 
only metastatic site. In the last decade, the stan- 
dard diagnostic tool for the detection of lung 
metastasis has shifted from chest X-ray (CXR) 
to chest CT in children with a renal tumor. Chest 
CT will be the mandatory technique for the 
evaluation of lung metastasis in the new SIOP 
protocol (UMBRELLA SIOP-RTSG 2015 pro- 
tocol). However, the low specificity of CT for 
lung nodules (McCarville et al. 2006), the vari- 
ability in interpretation (Wilimas et al. 1997), 
and the higher radiation exposure of CT com- 
pared to CXR must be kept in mind. Although 
there is no evidence yet that the use of chest CT 
will improve overall outcome, CT might help 
identify a subgroup of patients with metastases 
undetectable on CXR, who may benefit from 
intensified treatment (Smets et al. 2012; Grundy 
et al. 2012). 

Liver metastases occur in only about 2% of 
patients (Szavay et al. 2006; Ehrlich et al. 2009). 
Bone metastases are exceptional and observed in 
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only 0.8% (Gururangan et al. 1994). Bone 
scintigraphy is therefore not required as a staging 
tool in typical WT. 


1.2.4.6 Preoperative Imaging 

US is sufficient in most unilateral WT patients to 
assess tumor size reduction during neoadjuvant 
chemotherapy. Lack of tumor response may be 
related to histological type (high-risk form or 
stromal type). Progression of localized WT is 
rarely seen in patients during preoperative che- 
motherapy. However, these patients are known to 
have poorer survival (Ora et al. 2007). 

In a preoperative stage, cross-sectional imag- 
ing, preferably with MRI, provides valuable 
information for the surgeon to determine the 
degree of complexity of the operation (Schenk 
et al. 2008). Of importance are the extent of the 
tumor, venous involvement, invasion of sur- 
rounding organs and structures (liver, diaphragm, 
spleen, pancreas, and adrenal glands), enlarged 
lymph nodes, and involvement of the contralat- 
eral kidney. Imaging studies are of special inter- 
est when nephron-sparing surgery (NSS) is 
considered (Brisse 2005). Virtual simulation of 
tumor resection may help surgeons in planning 
the surgical procedure (Fuchs et al. 2011). 
Whenever possible, NSS is standard of care for 
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bilateral WT. The benefit of NSS in unilateral 
WT is currently being evaluated (Wilde et al. 
2014; Cost et al. 2014b). In the SIOP protocol, 
guidelines for NSS for unilateral non-syndromic 
WT have been formulated: unifocal tumor, 
tumor restricted to one pole or peripherally situ- 
ated at mid-kidney, tumor volume smaller than 
300 ml at diagnosis, no preoperative or intraop- 
erative rupture, no tumor in calyces or renal pel- 
vis, no invasion of surrounding organs or 
structures, no thrombus in renal vein or IVC, 
excision that can be performed with safe onco- 
logic margins, and a kidney remnant of at least 
66% that is expected to be functional. 
Information on the location and the number of 
renal arteries is crucial. Intraoperative US can be 
useful during NSS. 


1.2.5 Principles of Treatment 


1.2.5.1 Unilateral Wilms’ Tumor 

According to SIOP protocols, treatment is based 
on preoperative chemotherapy to reduce the risk 
of perioperative tumor rupture and to reduce the 
local stage (de Kraker et al. 1982). Chemotherapy 
regimens consist of vincristine and actinomycin 
D for localized disease and with the addition of 
doxorubicin for metastatic disease. Conversely, 
the North American National Wilms’ Tumor 
Study Group (NWTSG) approach is based on 
primary nephrectomy. Total nephroureterectomy 
remains the surgical reference treatment (de 
Kraker and Jones 2005). 

In the SIOP protocol, partial nephrectomy is 
considered in unilateral WT when the child has a 
contralateral nonfunctioning kidney or associated 
renal disease or an associated predisposing syn- 
drome in order to preserve as much renal func- 
tion as possible. After surgery and pathological 
analysis, postoperative treatment is stratified 
according to stage and histological risk group 
and consists of adjuvant chemotherapy and 
abdominal radiation therapy (“flank RT”) for 
stage III patients. Children with pre- or perioper- 
ative intraperitoneal tumor rupture, hence perito- 
neal spillage, are given radiotherapy of the whole 
abdomen. Children with stage IV tumors with 
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residual pulmonary nodules have lung wedge 
resections to assess histological response. In case 
of incomplete response, they will receive adju- 
vant chemotherapy and lung radiotherapy. 

A well-known complication of actinomycin D 
is hepatic veno-occlusive disease (VOD). The 
reported incidence ranges between 1.2 and 8%, 
and it is more frequent in young children, in chil- 
dren with lower body weight, in right-sided WT, 
and when radiotherapy was given previously. The 
diagnosis relies on the combination of clinical 
signs and symptoms such as hepatomegaly, asci- 
tes, weight gain, hyperbilirubinemia, and upper 
abdominal pain (Cesaro et al. 2011). The role of 
US and Doppler US in the diagnosis and the eval- 
uation of the severity of VOD has been 
investigated: only reversal of portal venous flow 
was reported to be a relatively specific parameter, 
but it seldom occurs (McCarville et al. 2001). 


1.2.5.2 Bilateral Wilms’ Tumor 

The SIOP and NWTSG experiences have con- 
verged on the same strategy for bilateral disease 
(i.e., bilateral WT, bilateral nephroblastomatosis, 
unilateral WT with contralateral nephroblasto- 
matosis, and WT in a single kidney or horseshoe 
kidney): primary chemotherapy in order to 
decrease tumor volume, followed by NSS in 
order to preserve the maximum amount of func- 
tional renal tissue. Chemotherapy for more than 
12 weeks rarely shows ongoing response 
(Furtwangler et al. 2014; Sudour et al. 2012; 
Hamilton et al. 2011). The risk of end-stage renal 
disease is important (Aronson et al. 2011). It is 
recommended that an experienced team should 
manage these rare cases. The goal is bilateral par- 
tial nephrectomy or wedge resection, performed 
in one single or two separate operations with an 
interval of no more than two postoperative che- 
motherapy courses. The less involved kidney is 
operated on first. Imaging plays an important role 
in the detection of bilateral disease, monitoring 
during chemotherapy and follow-up. Since these 
patients will need to be imaged very frequently, 
special attention should be paid to reduction of 
ionizing radiation, and follow-up imaging should 
be performed with US and MRI. 
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1.2.6 Prognosis and Follow-Up 


1.2.6.1 Prognostic Factors 

The most important prognostic factors are tumor 
stage and histological risk group. Tumor shrinkage 
under preoperative chemotherapy is also consid- 
ered a prognostic factor. A preoperative volume of 
more than 500 ml is associated with poorer sur- 
vival (Graf et al. 2012). The prognostic signifi- 
cance of various genetic abnormalities is currently 
being studied (loss of heterozygosity (LOH) on 
chromosomes 16q, 1p, and 22q, TP53 mutation or 
overexpression, telomerase activity, gain of Iq, 
expression of TRKB) (Maschietto et al. 2014; 
Gratias et al. 2013). In the group of patients with a 
WT of NWTSG-favorable histology, tumor-spe- 
cific LOH for both chromosomes Ip and 16q iden- 
tifies a subset of patients who have a significantly 
increased risk of relapse and death (Grundy et al. 
2005). 


1.2.6.2 Survival 

The therapeutic management of WT is a model 
for successful cancer treatment. Thanks to con- 
secutive clinical trials conducted by the SIOP- 
RTSG, the NWTSG, and national study groups, 
overall survival (OS) rates are nowadays exceed- 
ing 90%. Despite this, certain patient groups, 
including those with bilateral disease, unfavor- 
able histologic and molecular features, and recur- 
rent disease, still have an OS well below 90%. 
Together, these groups represent 25 % of patients 
with WT (Dome et al. 2015). 


1.2.6.3 Relapses 

Approximately 15 % of patients with favorable- 
histology WT and 50% of patients with ana- 
plastic or post-chemotherapy blastemal-type 
WT, experience a recurrence (Spreafico et al. 
2009). Most first recurrences occur within 2 
years of the initial diagnosis. The most com- 
mon site of recurrence is the lung (58 %), some- 
times with pleural involvement, whereas 
abdominal recurrences represent 29% of all 
relapses. Favorable prognostic factors for chil- 
dren with relapsed WT include favorable histol- 
ogy, interval from nephrectomy to relapse > 12 
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months, pulmonary relapse only, initial treat- 
ment with only vincristine and actinomycin D, 
and no prior radiation therapy (Grundy et al. 
1989). The risk factors for local recurrence are 
local stage IH and high-risk histology 
(Shamberger et al. 1999). Abdominal recur- 
rences may arise in the lumbar fossa, in the 
liver, in the regional lymph nodes, and in the 
peritoneal cavity when peritoneal spillage had 
occurred before or during surgery (Fig. 12). 
The 5-year overall survival of children after 
local recurrence varies between 40 and 80% 
(Green et al. 2007; Malogolowkin et al. 2008; 
Dome et al. 2002). 

Metachronous contralateral WT is rare. The 
percentage of patients who develop contralat- 
eral disease is 1.5% at 5 years after diagnosis 
(Coppes et al. 1999). Recognized risk factors 
are nephrogenic rests detected with either initial 
imaging or pathological analysis of the non- 
tumoral part of the kidney and age at initial 
diagnosis less than 12 months (Coppes et al. 
1999; Daw et al. 2002; Bergeron et al. 2001). 


1.2.6.4 Imaging During Follow-Up 

The overall prognosis of WT is excellent, and 
follow-up imaging must be done with mini- 
mally invasive techniques but carefully and 
with knowledge of both recurrence patterns and 
risk factors. Detection of recurrences is impor- 
tant, since relapsed patients have a good chance 
of being cured with salvage therapies. Ninety 
percent of relapses occur during the first 4 years 
after diagnosis (Grundy et al. 2005). 

Abdominal US surveillance for 3 years after 
end of treatment is considered to reveal most 
abdominal recurrences (Daw et al. 2002). During 
surveillance, the remaining kidney is screened 
for metachronous contralateral tumor. Evaluation 
of normal (compensatory) growth of the remain- 
ing kidney is also part of the nephrological sur- 
veillance, together with monitoring of blood 
pressure and serum creatinine. 

CXR is the imaging modality used for 
follow-up of the lungs, supplemented with chest 
CT when pulmonary recurrence is suspected 
(Table 4). 


E. Deurloo et al. 


Fig.12 Four-year-old girl with previous treatment (chemo- 
therapy and nephrectomy) for a Wilms’ tumor stage II of the 
left kidney. Eight months post-nephrectomy, ultrasound ((a) 
axial, (b) sagittal) showed a large aorto-caval mass (M), 
extending to the right renal hilum. L liver, K right kidney. 


Table 4 Radiological investigations during follow-up of 
children with Wilms’ tumor (UMBRELLA SIOP-RTSG 
2015 protocol) 


Investigation | Frequency after end of treatment 
Abdominal First and second years: every 3 
ultrasound months 
Third to fifth years: every 6 months 
i | After 5 years: once a year 
Chest X-ray | First and second years: every 3—4 
months 
Third to fifth year: every 6 months 
After 5 years: once a year 
Take Away 


Wilms’ tumor (WT) is by far the most fre- 
quent renal neoplasm in children between 1 
and 5 years. 

Wilms’ tumor (WT) has an overall good 
prognosis. 

Children with syndromes predisposing 
for Wilms’ tumor (WT) should be screened 
by US every 3—4 months. 

Distant metastases occur mainly in the 
lungs. 

Nephrogenic rests cannot be differenti- 
ated from small Wilms’ tumor (WT) with 
imaging with certainty. 


MRI ((c) axial T1-weighted image, (d) axial T2-weighted 
image, (e) DWI with b value 800, (f) ADC) shows a large 
mass with internal hemorrhage (high signal on axial 
Tl-weighted image) and displacement of the aorta (solid 
arrow) and inferior vena cava (dashed arrow) 


1.3 Non-wilms’ Malignant 
Tumors 
1.3.1 Clear Cell Sarcoma 


of the Kidney 

Clear cell sarcoma of the kidney (CCSK) 
accounts for approximately 3—5 % of renal neo- 
plasms in childhood and is the second most com- 
mon renal malignancy in children. Mean age at 
diagnosis is 36 months (range of 2 months to 14 
years), with more than 85% of patients diag- 
nosed before the age of 5 (Zhuge et al. 2010). The 
male to female ratio is 2:1. Unlike WT, CCSK is 
always unilateral and unicentric. At histology, 
typical gross features included large size (mean 
diameter 11.3 cm), a mucoid texture, foci of 
necrosis, and prominent cyst formation. Nine 
major histological patterns are identified (classic, 
myxoid, sclerosing, cellular, epithelioid, palisad- 
ing, spindle, storiform, and anaplastic); virtually 
all tumors contain multiple patterns that blend 
with one another (Argani et al. 2000). CCSK is a 
high-risk tumor (SIOP). Overall 10-year survival 
is 70 % (Zhuge et al. 2010). Patients present with 
abdominal distention or a mass, abdominal pain, 
hematuria, vomiting, decreased oral intake, fever, 
constipation, and hypertension (Gooskens et al. 
2012). 


Neoplasms of the Genitourinary System 


Fig. 13 Clear cell 16,0 cm 


3 7 
397 cm 


sarcoma of the kidney 
in an 18-month-old girl. 
Ultrasound (a) and MRI 
((b) axial T2-weighted 
image with fat 
saturation, (c) coronal 
T1-weighted image, and 
(d) coronal 
T2-weighted image) 
show a large 
heterogeneous tumor 
arising in the left kidney 


CCSK does not show imaging patterns that 
can differentiate it from WT (Fig. 13) (Lowe 
et al. ). Like WT, CCSK may have features 
that simulate those of benign conditions, such as 
renal abscess. Rarely CCSK shows invasion of 
the inferior vena cava (5%) with extension into 
the right atrium (Gooskens et al. J: 
Extracapsular spread is common (70%). Less 
than 10% of patients present with distant metas- 
tases at diagnosis (Zhuge et al. ), but metas- 
tases of CCSK may also occur several years after 
treatment. Metastases at diagnosis mainly involve 
the skeleton, lungs, lymph nodes, and liver 
(Marsden et al. 8; Morgan and Kidd 3 
Gooskens et al. 12). Bone metastases are 
highly suggestive of CCSK (Fig. 14). Reports 
from both SIOP and NWTSG indicate that the 
pattern of relapse is changing since the introduc- 
tion of intensified chemotherapy: brain metastases 
are now more common than bone metastases. 

Bone scintigraphy, MRI of the brain, and chest 
CT are recommended for staging (Smets and de 
Kraker ). 
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Fig. 14 Clear cell sarcoma of the kidney in a 9-year-old 
boy presenting with hematuria. Contrast-enhanced CT 
(coronal reconstruction) shows a left upper pole renal 
mass and a bone metastasis in a vertebral body (arrow) 
(courtesy Dr. J.-L. Ferrand, Clinique Saint-Jean, 
Montpellier, France) 
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1.3.2 Rhabdoid Tumor of the Kidney 
Malignant rhabdoid tumors of the kidney 
(MRTK) are rare, highly aggressive cancers of 
early childhood. Malignant rhabdoid tumors can 
occur in various locations, mainly the liver, geni- 
tourinary tract, gastrointestinal tract, and central 
nervous system (atypical  teratoid/rhabdoid 
tumors). In some cases, abnormalities of chromo- 
some 22 and 11p13 have been described. MRTK 
accounts for about 1 % of all renal neoplasms in 
childhood (Vujanic et al. ; Tomlinson et al. 
5). They can develop sporadically or occur as 
part of the hereditary rhabdoid tumor predisposi- 
tion syndrome (RTPS) (Sredni and Tomita ). 
Median age at diagnosis is 11 months (range 
from O up to 9 years) with more than 85% of 
cases diagnosed before the age of five (Zhuge 
et al. ; Tomlinson et al. ). The male to 
female ratio is 1.5:1. Several findings suggest 
that rhabdoid tumors might arise from primitive 
cells involved in formation of the renal medulla 
(Weeks et al. ). Gross features include a 
characteristic involvement of perihilar renal 
parenchyma. There is a wide histological spec- 
trum that may cause confusion with other renal 


Fig. 15 Malignant rhabdoid tumor of the kidney in a 
7-month-old girl with a synchronous intracranial mass. 
Abdominal ultrasound (a) shows a large heterogeneous 
mass in the left kidney. MRI of the brain (b axial 
T2-weighted image) shows a large mass in the fourth ven- 


neoplasms. MRTK is not associated with condi- 
tions predisposing to WT or with nephrogenic 
rests. Although clinical features are nonspecific, 
a combination of clinical presentation with fever, 
hematuria, and high-tumor stage at presentation 
in very young children suggests the diagnosis 
(Amar et al. 1). About 20 % may have associ- 
ated hypercalcemia (Vujanic et al. ). On 
imaging, these tumors may resemble WT, but 
subcapsular fluid collections, tumor lobules sepa- 
rated by areas of necrosis or hemorrhage and lin- 
ear calcifications outlining tumor lobules, are 
suspicious for MRTK, especially if the patient is 
an infant (Fig. 15) (Chung et al. 5; Han et al. 

1; Lowe et al. 0; Prasad et al. 5; Smets 
and de Kraker 2010). 

Metastases are observed in up to 50 % of chil- 
dren at diagnosis (lung, abdomen, lymph nodes, 
liver, bone, and brain) (Vujanic et al. ; van 
den Heuvel-Eibrink et al. ; Zhuge et al. 

; Tomlinson et al. ; Warmann et al. 
). Up to 20% of patients — mostly infants — 
have synchronous or metachronous brain tumors 
(Fig. 15) (Tomlinson et al. ). The prognosis 
of rhabdoid tumor of the kidney is poor, and up to 


tricle. Abdominal MRI ((c) axial T1-weighted image, (d) 
axial T2-weighted image, (e) axial DWI b value 800, (f) 
axial ADC) shows a large heterogeneous mass arising 
from the left kidney (K) with restricted diffusion 
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80% of patients die within a year of diagnosis, 
despite aggressive treatment (Weeks et al. 1989; 
van den Heuvel-Eibrink et al. 2008; Zhuge et al. 
2010; Tomlinson et al. 2005). 


1.3.3 Renal Cell Carcinoma 

Renal cell carcinoma (RCC) accounts for 2—6 % 
of all malignant renal tumors in childhood. 
Although rare in children, it is the most com- 
mon renal tumor in adolescents with a median 
age at diagnosis of 11-13 years (Selle et al. 
2006; Rialon et al. 2015). Recent studies have 
shown that RCC in children is different from the 
adult type with regard to tumor biology as well 
as clinical behavior. The most common type of 
RCC in children is tRCC (translocation type), 
involving the transcription factor E3 (TFE3) 
gene at Xp11.2. The adult clear cell type also 
occurs in children, but less frequently (Geller 
et al. 2015). 

Clinical findings are gross painless hematuria, 
flank pain, and abdominal mass; less often fever 
and weight loss are reported (Sausville et al. 
2009). 

Von Hippel-Lindau syndrome predisposes to 
the development of various endocrine and non- 
endocrine tumors (hemangioblastomas of the 
neuraxis and retina, tumors of the membranous 
labyrinth, renal cell carcinomas (clear cell type) 
or cysts, pheochromocytomas, pancreatic cysts 
or tumors, epididymal cystadenomas). It is the 
commonest cause of hereditary renal cancer, 
with a prevalence of up to 75 % (Monsalve et al. 
2011). Patients with von Hippel-Lindau syn- 
drome are screened with abdominal US from the 
age of 5 years for early detection of renal 
tumors, although renal tumors are rarely 
detected in children (Maher et al. 2011; 
Priesemann et al. 2006). 

RCC has been reported as a late-occurring 
complication in pediatric patients treated for a 
malignancy, presumably related to the 
chemotherapeutic treatment they received 
(Schafernak et al. 2007; Dhall et al. 2007; 
Argani et al. 2006). A subtype of RCC has 
also been reported in patients who had neuro- 
blastoma at a young age (between 10 weeks 
and 2 years) and even in neuroblastoma 
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patients who were not exposed to chemother- 
apy (Fleitz et al. 2003; Medeiros et al. 1999). 
The RCC developed at an average of 
14.7 years after the diagnosis of neuroblas- 
toma. A genetic predisposition seems likely 
but has not been proven (Wallace et al. 2015). 

In pediatric patients who have had a renal 
transplantation, the reported incidence of renal 
cell carcinoma is more than 15-fold increased, 
compared to the general pediatric population. 
The majority of these tumors occur in a native 
kidney and not in the transplanted kidney. Most 
likely the increased risk is due to chronic renal 
disease because the risk is comparable between 
transplanted patients and patients on dialysis 
(Mynarek et al. 2014). 

RCC tends to be smaller than WT at diagno- 
sis (Fig. 16). Enlarged lumbar-aortic lymph 
nodes are frequently observed. Most tumors are 
large, heterogeneous solid masses enhancing 
after contrast injection but to a lesser degree than 
the normal renal parenchyma (Lee 2007). There 
can be hemorrhage in or around the tumor, and 
up to 40% show calcifications (Downey et al. 
2012). Compared to WT, RCC more often pres- 
ents bilaterally and is more likely to metastasize 
to bone (Smets and de Kraker 2010). With 
respect to the primary tumor, imaging techniques 
cannot confidently distinguish renal cell carci- 
noma from WT. 

More than half of the pediatric patients with RCC 
present with stage I or II with an excellent survival 
following surgical resection of the tumor (Rialon 
et al. 2015). However, about 40 % of patients present 
with lymphatic or hematogenous spread of the 
tumor, leading to worse overall survival (Sausville 
et al. 2009; Geller et al. 2015; Rialon et al. 2015). 
The lung, liver, brain, and bone are the most com- 
mon sites of distant metastases. The 4-year overall 
survival lies between 14 and 92 %, depending on the 
stage of the tumor (Dome et al. 2013). 


1.3.4 Renal Medullary Carcinoma 

Renal medullary carcinoma is a rare and aggressive 
tumor occurring in black adolescents and in young 
adults. The majority of patients with renal medul- 
lary carcinoma have sickle cell trait or less fre- 
quently hemoglobin sickle cell disease (Swartz 
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Fig. 16 Renal cell carcinoma in an 8-year-old girl pre- 
senting with hematuria. Ultrasound (a, b) shows a round 
hyperechoic mass within the renal parenchyma. On MRI, 
the lesion is well demarcated and shows less enhancement 


et al. 2002). Fifty percent of patients are 21 years or 
younger. Male to female ratio is 2.4:1 (Alvarez et al. 
2015). Immunohistologic findings (strong vascular 
endothelial growth factor and hypoxia-inducible 
factor expression and positivity for TP53) suggest 
that medullary hypoxia, chronic ischemic changes, 
and vaso-occlusion may be involved in the patho- 
genesis (Alvarez et al. 2015; Swartz et al. 2002). 

The most common presenting signs and symp- 
toms include hematuria, abdominal or flank pain, 
and weight loss. On imaging, an ill-defined, infil- 
trative heterogeneous lesion within the renal 
medulla is seen invading the renal sinus, with cali- 
ectasis as a result (Prasad et al. 2005; Lee 2007). 
Regional lymphadenopathy and invasion of the 
renal vein are often seen (Smets and de Kraker 
2010; Lee 2007). Contrast enhancement is hetero- 
geneous (Davidson et al. 1995). Calcifications 
have not been described in this type of tumor. At 
diagnosis, many patients have metastatic disease 
in the lymph nodes, lungs, liver, adrenal glands, 
and/or bone (Alvarez et al. 2015). 

Survival is poor, with an overall mortality of 
95% (mean: 4 months) (Swartz et al. 2002; 
Alvarez et al. 2015). 


than the surrounding parenchyma ((c) axial T1-weighted 
image, (d) axial T2-weighted image, (e) early and (f) late 
enhancement on T1-weigthed image with fat saturation 
after gadolinium) 


1.3.5 Ewing’s Sarcoma Family 

of Tumors (Extraosseous Ewing 

Sarcoma/Peripheral Primitive 

Neuroectodermal Tumor 

(pPNET)) 
Ewing’s sarcoma family of tumors of the kid- 
ney is a very rare entity with high malignant 
potential. Median age at diagnosis is around 
27 years, with a wide range (months to late 
adulthood) (Parham et al. 2001; Zollner et al. 
2013). pPNETs are small round blue cell 
tumors derived from the neural crest. The 
diagnosis is based on histopathology with 
subsequent demonstration of typical chromo- 
somal translocations of pPNET/Ewing tumor 
family (Doerfler et al. 2001; Vicha et al. 2002; 
Lam et al. 2003). pPNET has a greater level of 
neural differentiation compared to Ewing’s 
sarcoma. At histology, markers for pPNET/ 
Ewing’s sarcoma are t(11;22) (q24;q12) or 
the associated EWS/FLI1 fusion (Parham 
et al. 2001). 

Patients present with nonspecific signs and 

symptoms such as pain, a palpable mass, and/ 
or hematuria (Zollner et al. 2013). CT shows a 
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Fig. 17 Ewing’s sarcoma of the kidney in an 8-year- 
old girl, presenting with a painful hip and knee and 
with a urinary tract infection. Ultrasound of the left 
kidney (a, b) shows a heterogeneous mass with calcifi- 
cations and necrotic areas. MRI ((c) axial T1-weighted 
image, (d) axial T2-weighted image, (e) coronal 


large and heterogeneous tumor, commonly 
containing calcifications, internal hemorrhage 
or necrosis, and peripheral hypervascularity 
(Lalwani et al. 2011; Smets and de Kraker 
2010). On MRI, the tumors are heterogeneous 
and of intermediate to high signal intensity on 
T2-weighted sequences (Fig. 17) (Lalwani 
et al. 2011). The tumor can extend into the 
renal vein, inferior vena cava, and right atrium 
(Parham et al. 2001; Zollner et al. 2013). 
Patients often present with metastases at diag- 
nosis (34%) mainly in the bones, lungs, and 
liver. Therapy consists of a combination of 
chemotherapy, surgery, and radiation therapy. 


T2-weighted image with fat saturation) shows a hetero- 
geneous mass with necrotic areas. FDG-PET-CT scan 
was performed, showing increased FDG uptake in the 
renal mass, as well as in skeletal metastases ((f) axial 
fused image, (g) whole-body reconstruction) 


Overall 3-year survival is 92 % in patients with 
localized disease and 58% in patients with 
metastatic disease (Zollner et al. 2013). 


1.3.6 Anaplastic Sarcoma 

Recently, anaplastic sarcoma of the kidney has 
been described as a distinct entity. It is a very 
rare tumor, with only 20 cases occurring among 
about 13,000 pediatric renal tumors. There is a 
slight female predominance (1.5: 1). Most 
patients presenting with anaplastic sarcoma are 
under 15 years of age (median age of 5 years). 
About 50 % of the tumors contain a cystic com- 
ponent. At histology, a spindle cell component 
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is found with widespread anaplastic changes. 
Chondroid differentiation is often seen. 
Histologically, this tumor shows similarity to 
the pleuropulmonary blastoma and undifferen- 
tiated sarcoma of the liver. Lung, liver and 
bone metastases can be found (Vujanic et al. 
2007). 


1.3.7 Malignant Hematologic 
Diseases 

Primary unilateral renal lymphoma is excep- 
tional: it presents as a solid renal tumor with- 
out distinctive characteristics (Hugosson et al. 
1997). Lymphoma of the kidneys is usually 
bilateral and associated with other sites of dis- 
ease. It affects children at an older age (usually 
between 7 and 10 years) than patients with 
bilateral WT. It is observed in less than 20 % of 
abdominal non-Hodgkin lymphomas (Ng et al. 
1994) and occurs most frequently in Burkitt’s 
lymphoma, lymphoblastic lymphoma, or large 
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Fig. 18 16-year-old girl with non-Hodgkin lymphoma of 
the proximal tibia. A staging FDG-PET-CT scan (a, b) 
revealed bilateral renal lesions (arrows). Ultrasound (c, d) 
shows bilateral hypoechoic lesions (arrows). MRI (e cor- 
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cell lymphoma, while renal involvement in 
Hodgkin’s disease is exceptional (Chepuri 
et al. 2003). Several patterns may be encoun- 
tered: bilateral multiple nodules of varying 
size, diffuse renal infiltration with nephromeg- 
aly or retroperitoneal infiltration with encase- 
ment of the kidneys (Strauss et al. 1986; 
Weinberger et al. 1990; Prasad et al. 2005). 
Lymphoma locations usually appear homoge- 
neously hypoechoic on US (Fig. 18). On CT, 
bilateral diffuse symmetric enlargement of the 
kidneys is most often seen with a decreased 
corticomedullary differentiation (Lee 2007). 
Sometimes multiple low-density lesions can be 
seen. At MRI the lesions are hyperintense on 
T2-weighted imaging and show restricted dif- 
fusion (Figs. 18 and 19). 

Patients with leukemia may also show diffuse 
infiltration of the kidneys (Fig. 20). The same 
imaging features as with lymphoma involvement 
may be seen. 


onal T2-weighted image) shows enlarged kidneys with 
hypointense lesions on both T1- and T2-weighted images 
(£, g), quite difficult to discern. DWI and ADC clearly 
show restricted diffusion (h-k) 
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Fig.18 (continued) 


Fig. 19 Burkitt’s lymphoma in a 9-year-old boy present- and (b) axial T1-weighted images after gadolinium with 
ing with increasing abdominal volume. MRI of the abdo- fat suppression. (c) DWI with b value 800. (d) ADC 
men shows multiple nodules in the kidneys. (a) Coronal 
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Fig. 20 Six-year-old boy with T-ALL. Ultrasound shows 
massively enlarged kidneys with diffuse infiltration. (a) 
Axial image showing both kidneys, (b) longitudinal 


1.3.8 Renal Metastases 

Renal metastases are exceptional in children. Few 
cases have been described in metastatic neuroblas- 
toma (Filiatrault et al. 1987; Panuel et al. 1992). 


Take Away 

Bone metastases in young pediatric patients 
with a renal neoplasm are suggestive of 
clear cell sarcoma. 

Rhabdoid tumor affects young children. 
Hypercalcemia and metastases at diagnosis 
are frequent in this highly aggressive tumor. 

Pediatric renal cell carcinoma occurs in 
the second decade and is frequently calci- 
fied and smaller than Wilms’ tumor (WT). 

Renal medullary carcinoma occurs in 
adolescents with sickle cell trait. 

Renal lymphoma is usually bilateral and 
associated with other sites of involvement. 


1.4 Benign Tumors 


1.4.1 Congenital Mesoblastic 
Nephroma or Bolande’s Tumor 
Congenital mesoblastic nephroma (CMN) is the 
most frequent solid renal tumor in the neonate 
(Isaacs 2008). The median age is 1 month 
(England et al. 2011), and about 75 % of patients 
are diagnosed during the first 4 months of life 
(Furtwaengler et al. 2006). The male to female 
ratio is 1.5:1 (England et al. 2011). At gross anal- 
ysis, congenital mesoblastic nephroma is an infil- 
trative mass with ill-defined margins and no 


image of the right kidney, (c) high-resolution image of the 
right kidney 


capsule. This tumor predominantly contains 
bundles of spindle cells resembling fibroblasts 
and myofibroblasts which present many 
histological features evocative of infantile fibro- 
matosis (Bolande et al. 1967). The tumor border 
is irregular, and long radial finger-like extensions 
of tumor tissue into the adjacent renal tissue are a 
characteristic finding (Hartman et al. 1981). 
CMN usually presents as an abdominal mass 
in a neonate, sometimes with hematuria. Some 
cases have been discovered on prenatal US exam- 
ination (Furtwaengler et al. 2006; England et al. 
2011; Irsutti et al. 2000; Kelner et al. 2003; 
Murthi et al. 2003). Sometimes polyhydramnios 
or neonatal hypercalcemia can be an associated 
complication (Daskas et al. 2002; Ferraro et al. 
1986). US shows a large solid renal mass, often 
heterogeneous with cystic areas and sometimes 
containing calcifications. The tumor typically 
involves the renal sinus (Wang et al. 2014; 
Bayindir et al. 2009; Smets and de Kraker 2010). 
A distinctive “ring sign” (concentric hyperechoic 
and hypoechoic rings) is a suggestive pattern 
(Fig. 21) (Chan et al. 1987). With CDS it can be 
shown that the anechoic ring surrounding the 
tumor contains abnormal vessels (Kelner et al. 
2003). On MRI, the lesion is hypointense both on 
Tl- and T2-weighted sequences (Prasad et al. 
2005). CT scan demonstrates a homogeneous 
solid renal mass with low attenuation (Christmann 
et al. 1990; Prasad et al. 2005). The solid parts of 
the tumor tend to enhance less than normal renal 
parenchyma (Lee 2007). During the arterial 
phase and the excretory phase, a suggestive 
pattern can be that of residual renal cortex trapped 
into the tumor resulting from the infiltrative 
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Fig. 21 Congenital mesoblastic nephroma in a neonate. 
Ultrasound (axial image, a) shows a large solid renal mass 
(arrows) with concentric hyperechoic and hypoechoic 


growing pattern of the tumor (Kelner et al. a; 
Hartman et al. ). The prognosis is excellent, 
with no tumor recurrence (England et al. J. 
A more aggressive form, called “cellular” or 
“atypical” congenital mesoblastic nephroma 
(Fig. 22), is characterized by a dense fibroblastic 
proliferation with increased cellularity and 
numerous mitoses. A close link between 
cellular congenital mesoblastic nephroma and 
congenital fibrosarcoma has been identified: they 
show an identical chromosomal translocation 
t(12;15) (p13;q25) resulting in the ETV6/NTRK3 
gene fusion. Therefore, they are likely to repre- 
sent the same neoplasm but occurring at different 
locations (Knezevich et al. ; Henno et al. 
). These tumors occur at a significant later 
age than those with a classical or mixed subtype 
(median 149 days versus 43 and 17 days, respec- 
tively (England et al. )). It has been sug- 
gested that the cellular type of congenital 
mesoblastic nephroma is more prone to cross the 
midline than WT and also to displace and encase 
vessels (Bayindir et al. ). Patients with a cel- 
lular mesoblastic nephroma may develop local 
recurrence or metastases (Schlesinger et al. 
). Paraneoplastic syndromes, especially 
hypertension, have been reported (Bayindir et al. 
). Nephrectomy is the radical and only treat- 
ment prescribed for these benign tumors. In chil- 
dren with a renal tumor under 6 months of age, 
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rings. Enhanced CT scan (b) shows residual renal cortex 
(*) trapped within the tumor (arrows) resulting from the 
infiltrative growth pattern 


i 


Fig. 22 Renal fibrosarcoma (‘“cellular” mesoblastic 
nephroma) in a 14-year-old boy. Enhanced CT scan (coro- 
nal reconstruction) shows a large necrotic tumor of the 
upper pole of the right kidney (arrows) with ascites related 
to tumor rupture 


primary surgery is recommended since the 
incidence of non-Wilms’ tumor in this age group 
is relatively high (van den Heuvel-Eibrink et al. 

) (UMBRELLA  SIOP-RTSG 2015 
protocol). 
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1.4.2 Multilocular Cystic Nephroma 
Multilocular cystic nephroma is a segmental, 
purely cystic tumor characterized by multiple 
septations composed entirely of differentiated 
tissues, without blastemal elements. The majority 
of these tumors occur in children under the age of 
two with a male predominance. Patients usually 
present with a painless mass. Hypertension, 
hematuria, and flank pain may be part of the 
symptoms (Wootton-Gorges et al. 2005). 
Multilocular cystic nephroma may be observed in 
patients with constitutional DICER 1 mutation, a 
genetical predisposing condition also associated 
with pleuropulmonary blastoma and other tumors 
(Bahubeshi et al. 2010). 

On imaging, a well-defined, multi-septated 
mass with cysts and septa, but without solid 
components, is seen. The septations show mod- 
erate contrast enhancement. Calcification is 
uncommon. Hydronephrosis can occur due to 
herniation of the mass into the renal pelvis 
(Wootton-Gorges et al. 2005; Prasad et al. 
2005; Riccabona et al. 1999). 

Multilocular cystic nephroma and cystic par- 
tially differentiated nephroblastoma (CPDN) 
cannot be distinguished on imaging, and biopsy 
is not recommended because it is usually non- 
informative. The only difference between these 
two entities is the presence of embryonal cells 
within the septa in CPDN. Therefore, it is recom- 
mended that purely cystic renal tumors should be 
treated primarily with surgery (SIOP 2001 and 
UMBRELLA SIOP-RTSG 2015); the final diag- 
nosis will be obtained after pathological 
analysis. 

The differential diagnosis of multicystic renal 
masses also includes WT with cyst formation, 
cystic clear cell sarcoma, cystic mesoblastic 
nephroma, cystic renal cell carcinoma, and multi- 
cystic dysplasia. Imaging is usually not able to 
discriminate between these entities (Wootton- 
Gorges et al. 2005; van den Hoek et al. 2009). 


1.4.3 Benign Stromal Tumors 
1.4.3.1 Metanephric Adenoma 


Metanephric adenoma (MA) is a very rare benign 
tumor that predominates in females and is very 
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uncommon in children (Davis et al. 1995; 
Navarro et al. 1999). The mean age at diagnosis 
is 41 years, (range 15 months to 83 years). The 
mean size at diagnosis is 5.5 cm (range 0.3- 
15 cm) (Davis et al. 1995). Microscopically, MA 
consists of very small epithelial cells that form 
very small acini in an acellular stroma. Less 
often, it forms tubular, glomeruloid, or polypoid 
and papillary formations. These lesions seem his- 
togenetically related to epithelial WT, and, in 
fact, the two may occur together. They are histo- 
logically very similar to the metanephric hamar- 
tomatous element of nephroblastomatosis. In a 
series of 29 cases of metanephric adenoma in 
adults, 90% showed a BRAF V600E mutation 
(Choueiri et al. 2012). Interestingly, the patients 
without BRAF mutation in this study were sig- 
nificantly younger than the patients with the 
mutation. In a series of three cases of metaneph- 
ric adenoma in children, two out of three showed 
a BRAF V600E mutation, whereas pediatric 
cases of renal cell carcinoma and WT did not 
show the mutation (Chami et al. 2015). 

Most cases are asymptomatic and detected 
incidentally. Presenting signs and symptoms 
are flank pain, hematuria, and palpable mass. 
Polycythemia is a suggestive sign but observed 
in only 12 % of cases. This tumor is more com- 
monly calcified than other renal neoplasms. On 
US, the mass is well circumscribed and hypo- 
or hyperechoic, the latter suggesting hemor- 
rhage. The lesion may or may not be 
vascularized. Unenhanced CT scan shows a 
hyperdense mass, in some cases containing 
punctuate calcifications. On MRI, the lesion 
appears isointense on both T1- and T2-weighted 
sequences (Fig. 23). 


1.4.3.2 Metanephric Stromal Tumor 

Metanephric stromal tumor was first described 
in 2000, in a series of 31 cases (Argani and 
Beckwith 2000). Mean patient age at diagnosis 
is 2 years. Gross examination typically shows a 
fibrous lesion centered in the renal medulla con- 
taining smooth-walled cysts. Metanephric stro- 
mal tumor is histologically identical to the 
stromal component of metanephric adenofi- 
broma. The most common presentation is an 
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Fig. 23 Metanephric adenoma in a 7-year-old boy. 
Unenhanced CT scan (a) shows a hyperdense small mass. 
(b) On enhanced CT scan, the lesion is difficult to delin- 


abdominal mass detected on imaging. On 
imaging this tumor usually appears solid but can 
sometimes be partly or completely cystic 
(Fig. 24). Patients may be treated with surgical 
excision alone. 


1.4.3.3 Metanephric Adenofibroma 
Metanephric adenofibroma (previously termed 
nephrogenic adenofibroma) is a very rare 
benign tumor, containing a variable amount of 
a bland spindle cell stroma (Arroyo et al. 
2001). It is a biphasic tumor that spans the 
morphologic spectrum between benign pure 
stromal and pure epithelial lesions, and can 
merge with the morphology of WT, supporting 
the concept that these are all related lesions. A 
relationship to papillary renal cell carcinoma 
is also suspected. One study reported a BRAF 
V600E mutation in a case of pediatric meta- 
nephric adenofibroma (Chami et al. 2015); 
further studies are needed to confirm this 
relationship. 


1.4.4 Ossifying Renal Tumor 
of Infancy 

Ossifying renal tumor of infancy is a very rare, 
benign tumor of infancy. Age range is 6 days to 
2% years (Lee et al. 2014). The male to female 
ratio is 3:1. The mass arises in the renal medulla, 
involving the collecting system (Lowe et al. 
2000). It contains varying proportions of osteoid, 
osteoblastic cells, and spindle cells. The propor- 
tion of osteoid and the degree of osseous matura- 
tion increases with increasing age of the patient. 
Patients typically present with gross hematuria 


eate. On MRI T2-weigthed images (c), the lesion is almost 
isointense to the normal parenchyma (courtesy Dr. 
C. Treguier, Hôpital de Pontchaillou, Rennes, France) 


Fig. 24 Metanephric stromal tumor in a 3.5-year-old 
girl. Contrast-enhanced CT (sagittal reconstruction). 
Renal mass incidentally discovered during ultrasound per- 
formed for enuresis. Pathological diagnosis obtained after 
neoadjuvant chemotherapy (30% volume response only) 
and nephrectomy for presumed Wilms’ tumor 


and show on US a (frequently calcified) renal 
pelvis mass. Due to the obstructing tumor, wid- 
ening of the collecting system occurs. Imaging 
usually shows a small-sized mass located within 
the kidney with the outline of the kidney main- 
tained, sometimes associated with dilatation of 
the collecting system (Fig. 25). On US the tumor 
is hyperechoic with shadowing due to the osteoid 
formation. The tumor shows poor enhancement 
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Fig. 25 Ossifying renal tumor of infancy in a neonate 
with seizures, hypercalciuria, and microscopic hematuria. 
CT scan ((a) enhanced, (b) unenhanced) shows a calcified 
intrarenal mass (arrow) (Courtesy Dr. C. Baunin, Hôpital 
des Enfants, Toulouse, France) 


after contrast administration. Calcifications are 
frequent (Sotelo-Avila et al. 1995; Ito et al. 1998; 
Vazquez et al. 1998). The tumor may mimic a 
staghorn calculus (Schelling et al. 2007; Lowe 
et al. 2000). 


1.4.5  Angiomyolipoma 

Angiomyolipoma in childhood is almost always 
associated with tuberous sclerosis complex 
(Bourneville’s disease). The male to female ratio 
for angiomyolipomas in tuberous sclerosis 
complex is 1:1.7, probably related to the sensitiv- 
ity for progesterone of these lesions. Both cysts, 
and more frequently angiomyolipoma, occur 
commonly in pediatric patients and tend to 
increase in size and number with increasing age 
(Avni et al. 1984; Casper et al. 2002). Most often, 
multiple bilateral lesions are present. They show 
rapid growth during childhood and adolescence. 
Angiomyolipomas are benign tumors composed 
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Fig. 26 Angiomyolipoma in a 15-year-old girl with 
tuberous sclerosis and acute abdominal pain related to 
tumor rupture. CT scan shows a vascularized intrarenal 
mass (arrows) containing fatty areas (arrowheads) and 
perirenal hematoma (*) (courtesy Prof. H. Ducou- 
Lepointe, Hôpital A Trousseau, Paris, France) 


of abnormal blood vessels, immature smooth 
muscle cells, and mature adipose tissue (De 
Waele et al. 2015). The abnormal vasculature is 
associated with the development of aneurysms, 
increasing the risk of spontaneous hemorrhage. 
Renal angiomyolipomas larger than four cm in 
diameter have a substantial risk for severe hemor- 
rhage. Other risk factors for bleeding are growth 
and aneurysm size>0.5 cm (De Waele et al. 
2015). Angiomyolipomas larger than four cm 
will be treated by arterial embolization. Active 
bleeding is also managed by arterial emboliza- 
tion. As in adults, the fatty component appears 
hyperechoic on US and shows as low attenuation 
on CT scan (Fig. 26). Other fat-containing renal 
masses in children are teratoid WT and xantho- 
granulomatous pyelonephritis. 


1.4.6 Juxtaglomerular Cell Tumor or 
Reninoma 

Juxtaglomerular cell tumor is typically discov- 
ered in the second decade of life, when hyperten- 
sion and _ hyperaldosteronism suggest the 
diagnosis. It is a very rare diagnosis in young 
children; only a few case reports have been pub- 
lished (e.g., Garel et al. 1993; Trnka et al. 2014). 
The tumor produces excessive amounts of renin, 
leading to secondary hyperaldosteronism and 
resulting in severe hypertension, potassium wast- 
ing, and hypokalemia (Trnka et al. 2014). US 
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shows a hypoechoic mass. On contrast-enhanced 
CT, the tumor can be seen as a well circumscribed 
mildly hyperattenuating lesion (Karaosmanoglu 
et al. 2015). MRI combined with MR angiogra- 
phy is recommended in this context to detect the 
tumor and to evaluate the status of the renal artery 
(Agrawal et al. 1995). 


Take Away 
Mesoblastic nephroma is the most common 
renal tumor in the neonate. 

Other benign tumors of the kidney are 
very rare in childhood. 

Multilocular cystic nephroma is indis- 
tinguishable from cystic partially differen- 
tiated nephroblastoma on all imaging 
modalities. 

Metanephric adenoma is strongly asso- 
ciated with polycythemia. 

Ossifying tumor of infancy is typically 
calcified, deeply located within the kidney. 

Multiple angiomyolipomas are seen in 
tuberous sclerosis. 

Juxtaglomerular tumor is revealed by 
hypertension and hyperaldosteronism. 


1.5 Pseudotumoral Conditions 

1.5.1 Infectious Diseases 

Pseudotumoral acute pyelonephritis also called 
“lobar nephronia” (Fig. 27), renal abscess 
(Fig. 28), and a necrotic renal tumor may have 
similar imaging features. Inflammatory clinical 
and biological signs may also be observed in WT 
or another renal malignancy. Abdominal wall 
infiltration, when visible, is more suggestive of 
infectious disease. Fine needle aspiration and 
response to antibiotic treatment as well as labora- 
tory signs may help in such circumstances (see 
also Chapter “Imaging in Urinary Tract 
Infections”). 

Xanthogranulomatous pyelonephritis is a spe- 
cific form of chronic inflammatory kidney dis- 
ease that occurs at any age. It usually occurs in 
association with urinary tract obstruction, infec- 
tion, and/or renal stones. The most common 
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organisms are E. coli and Proteus mirabilis 
(Marteinsson et al. 1996). On CT, involvement is 
typically unilateral and more focal than diffuse 
(Lee 2007). Focal pseudotumoral xanthogranulo- 
matous pyelonephritis may be confused with a 
renal tumor. Mass effect, multiple microcysts 
within the mass, the presence of a pelvic lithiasis, 
associated triangular areas in the renal paren- 
chyma, and obliteration of fatty tissue in the peri- 
renal space are suggestive signs for 
xanthogranulomatous pyelonephritis instead of a 
tumor (see also Section “Ossifying Renal Tumor 
of Infancy”). 


1.5.2 Malformations 

Renal malformations should always be part of 
the differential diagnosis when there are cystic 
lesions. A history of urinary tract infection 
and an associated ureterocele suggests a seg- 
mental multicystic dysplasia (Agrons et al. 
1995; Jeon et al. 1999). Neonatal urinoma 
related to urinary tract obstruction (posterior 
urethral valve) may be misleading. Vascular 
malformations such as lymphangioma are a 
rare cause of a multiloculated renal mass (Farb 
and Lee 2006). 


1.5.3 Miscellaneous 

Granulomatous nephritis with renal masses is a 
very uncommon complication of sarcoidosis. 
One pediatric case was reported with echo- 
genic masses on US and low-density lesions 
with mottled contrast enhancement on CT 
(Herman et al. 1997). 


Take Away 

Infectious diseases of the kidney and renal 
cystic malformations can mimic a necrotic 
tumor. 


1.6 Diagnostic Strategy of Renal 


Neoplasms in Children 


Step 1: Always start with noninvasive techniques 
US is the first-line imaging technique. It is 
available in all centers and does not require 
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Fig. 27 Focal pseudotumoral pyelonephritis in a 
15-month-old girl presenting with fever. Homogeneous 
small hyperechoic area on ultrasound (a) and hypoattenu- 
ating area on enhanced CT scan (b) without mass effect. 


Biopsy was not performed. Urinary tract infection diagno- 
sis was based on bacteriuria (E. coli) and disappearance of 
the lesion on ultrasound during antibiotic therapy 


sedation or injection of contrast agents. US 
rapidly confirms the location of the mass, 
assesses its volume, and depicts critical situa- 
tions such as vascular invasion or obvious 
peritoneal rupture. 


Step 2: Confirm the renal origin of the mass 


The mass is often very large, and radiologists 
should look for the residual normal renal 
parenchyma in order to confirm the renal ori- 
gin of the mass (Fig. 29). CDS may be helpful 
in equivocal cases: normal parenchyma 
around the mass will show more vasculariza- 
tion than the mass. 


Step 3: Depict relevant tumor extent 


Vascular extension can occur in the renal vein 
and IVC. 

Peritoneal dissemination is associated with 
hemoperitoneum and/or intraperitoneal masses. 


Step 4: Assess the contralateral kidney 


Use high-frequency (linear) probes (at least 
10 MHz, if applicable) and search for abnor- 


Fig. 28 Renal abscess in a 2-year-old girl. Ultrasound shows a thick-walled cystic intrarenal lesion (a, b) and enlarged 
neighboring lymph nodes (c) 


malities in the contralateral kidney, such as 
bilateral tumor, nephroblastomatosis, dyspla- 
sia (mesangial sclerosis), or malformation. 


Step 5: Perform additional cross-sectional imag- 


ing with MRI or CT 

e To confirm the renal origin of the tumor in 
difficult cases (images in sagittal or coronal 
planes or multiplanar reconstructions may 
be helpful) 

e To precisely measure the three tumor diam- 
eters (sometimes not possible with US) 

e To confirm a suspected tumor rupture 

e To depict contralateral disease 


Step 6: Be aware of pitfalls 


e An adrenal neuroblastoma may invade the 
upper pole of the kidney (Fig. 30). 

e A ruptured WT may present as a renal 
fracture. 

e Renal infection, notably xanthogranuloma- 
tous pyelonephritis and lobar nephronia, 
may mimic WT. 


Neoplasms of the Genitourinary System 


Fig. 29 Wilms’ tumor in a 2-year-old girl. Ultrasound 
(a) shows a large tumor arising from the right kidney. 
With high-frequency linear transducer, normal renal 


Fig. 30 Adrenal neuroblastoma in a 2-year-old boy 
invading the upper pole of the left kidney. Ultrasound (a) 
shows a mass (M) in direct contact with the central part of 
the kidney (K). MRI ((b) coronal T2-weighted image, (c) 
axial Tl-weighted image, (d) axial T2-weighted image, 


Step 7: Check the relevant criteria for the diagno- 
sis of Wilms’ tumor 
e Age ranges between | and 6 years 
e No clinical sign of infectious disease 
e Classic radiological features 
e No extrapulmonary metastasis 
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parenchyma (arrows) is seen surrounding the mass (M) 
confirming its renal origin 


(e) axial DWI with b value 800, (f) ADC) shows a large 
tumor extending into the left kidney. The tumor encases 
the aorta (arrow) and inferior vena cava (*). These fea- 
tures are suggestive of neuroblastoma and rarely observed 
in WT 


Step 8: Check if there is an indication for core 
needle biopsy 
The question of tumor biopsy at diagnosis is 
relevant for patients treated with primary che- 
motherapy (SIOP strategy) and not for patients 
treated by primary surgery (NWTSG strat- 
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egy). Since WT has a very high prevalence in 

children, in most countries the diagnosis is 

usually based on clinical and radiological cri- 
teria only. The attitude toward the necessity of 
biopsy in the new UMBRELLA SIOP-RTSG 

2015 protocol is as follows: core needle biopsy 

at diagnosis is not recommended for all renal 

masses but must be considered in cases of 

atypical presentation, i.e.: 

e Age>6 years (higher risk of non-Wilms’ 
histology) 

e Urinary infection or septicemia (differen- 
tial diagnosis with pseudotumoral or xan- 
thogranulomatous pyelonephritis) 

e Psoas infiltration 

e Pulmonary metastasis in children under 2 
years (suspicious for MRTK) 

e Hypercalcemia (observed in rhabdoid tumor 
or bone metastases in clear cell sarcoma) 

e Increased LDH level (suspicious for 
neuroblastoma or malignant hematologic 
disease) 

e Uncommon radiological findings: exten- 
sive calcification (renal cell carcinoma, 
neuroblastoma), large lymph nodes (renal 
carcinoma, clear cell sarcoma, rhabdoid 
tumor), renal parenchyma not visible or an 
almost totally extra-renal process (neuro- 
blastoma invading the kidney) 

e Extrapulmonary and extrahepatic metastasis 


Biopsy must always be performed under gen- 
eral anesthesia, at least in young children, under 
US guidance (or — in difficult anatomy — by CT), 
by a trained radiology/pathology team. Blood 
coagulation tests must be normal (paraneoplas- 
tic factor VIII deficiency may occur in nephro- 
blastoma). A posterior/retroperitoneal approach 
is mandatory to avoid peritoneal dissemination. 
The coaxial technique should be preferred to 
allow multiple samples and to reduce the risk 
of a local complication. The currently recom- 
mended maximum diameter of core needle is 
1.2 mm (18G). Part of the tissue sample must 
always be appropriately frozen (or put in culture 
medium) to allow genetic and biological stud- 
ies. Currently, several tumors may be identified 
on the basis of genetic abnormalities, notably 
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juvenile renal cell carcinoma, rhabdoid tumor, 
and renal fibrosarcoma. The most common com- 
plication associated with core needle biopsy is 
hemorrhage/transient hematuria (20%) (Vujanic 
et al. 2003). (Fatal) massive tumor bleeding, 
tumor rupture, and needle track recurrences have 
been infrequently reported (Dykes et al. 1991; 
Saarinen et al. 1991; Skoldenberg et al. 1999; 
Vujanic et al. 2003) and are exceptional in trained 
hands. Needle biopsy is unnecessary in some sit- 
uations: bilateral disease (differential diagnosis 
between NRs and WT is usually not possible on 
small samples), in patients requiring primary sur- 
gery, i.e., in children less than 3 months old (con- 
genital mesoblastic nephroma is highly probable 
and chemotherapy tolerance is low), or in purely 
cystic tumors (differential diagnosis with CPDN 
and benign cystic nephroma is usually impos- 
sible on a biopsy specimen, and both tumors do 
not respond to chemotherapy and are therefore 
operated upfront). 


2 Neoplasms of the Lower 
Genitourinary Tract 

2.1 Rhabdomyosarcoma 

2.1.1 Introduction and Epidemiology 


The most common primary malignant tumor of 
the lower genitourinary (GU) tract in the first 
two decades of life is rhabdomyosarcoma 
(RMS). It occurs most frequently in children 
between 2 and 4 years old (2/3 of all RMS arise 
before the age of 6) with a second peak during 
adolescence. RMS in newborn babies is 
extremely rare and there are just a few case 
reports describing neonatal and prenatally 
detected genitourinary RMS (Matsunaga et al. 
2003; Esfahani et al. 2009; Lobe et al. 1994; 
Orbach et al. 2013; Marietti et al. 2013). Familial 
predisposition for RMS has been observed in 
familial cancer syndromes like Li-Fraumeni, 
Beckwith-Wiedemann, and Gorlin syndrome. In 
RMS, neurofibromatosis type | has a prevalence 
of 0.5-1 % and is associated with a genitouri- 
nary tumor location (Ferrari et al. 2007; Sung 
et al. 2004). However, most cases are sporadic. 
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In the genitourinary tract, RMS commonly 
affects the bladder, prostate, and paratesticular 
sites but also, less commonly, the vulva, vagina, 
uterus, pelvic muscles, and perineum. For RMS 
arising from the bladder or prostate, the term 
bladder-prostate (BP) RMS is being used 
because this tumor often infiltrates both struc- 
tures. In girls, bladder and vagina may also be 
infiltrated synchronously. The term paratesticu- 
lar RMS (PT RMS) comprises primary tumors 
originating in the spermatic cord, penis, and epi- 
didymis. PT RMS comprises 7% of all RMS 
patients (Raney et al. 1987). In adolescents, PT 
RMS is the most common genitourinary loca- 
tion, representing 15% of all RMS diagnoses, 
followed by BP RMS (5 %) (Cost et al. 2014a). 


2.1.2 Histopathology and Genetics 

Rhabdomyosarcoma is a solid tumor that grows 
from immature mesenchymal cells from which 
the striated musculature originates. However, 
RMS also grows in sites where no striated mus- 
culature is present. Histology and cytology of 
RMS ranges from undifferentiated “small blue 
round cell tumor” (like neuroblastoma, Ewing’s 
sarcoma, and lymphoma) to tumors with 
advanced cytohistology like rhabdomyoma 
(Kodet et al. 1991). In children, RMS has two 
main histopathological variants: the embryonal 
and the alveolar type. A third subtype, pleomor- 
phic RMS, is found in adults and very rarely in 
children. The embryonal type (E-RMS) is pre- 
dominant (60-70 %) in general and also in the 
primary GU sites and is subdivided into spindle 
cell and botryoid sarcoma subtypes. The spindle 
cell type is most often encountered in the parates- 
ticular location. The growth pattern of the botry- 
oid type is typically exophytic and noninvasive, 
which has a positive impact on cure and progno- 
sis; it is found most often at vaginal sites. The 
alveolar type (A-RMS) has a less favorable prog- 
nosis. It occurs more often in adolescents and has 
a higher rate of local recurrence, impairing the 
chance of cure. Karyotypic studies show chromo- 
somal translocations that distinguish A-RMS 
from E-RMS and other solid tumors. In A-RMS 
the most common translocation is t(2;13) 
(q35;q14) and t(1;13) (p36;q14). These translo- 
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cations almost never occur in E-RMS, and gains 
of chromosome 2, 8, 12, and 13 are found more 
frequently in E-RMS. Genetic testing has shown 
that the poor outcome of A-RMS is possibly 
associated with the presence of PAX-FOXO1 
fusion genes and not to histologic features. 
Genetic testing for RMS is currently being 
researched and will become more and more 
important in the selection of high-risk patients 
(Parham and Barr 2013). 


2.1.3 Clinical Features 

Clinical symptoms of genitourinary RMS depend 
on the anatomic site of the tumor and are usually 
related to mass effect and/or obstruction. 
Paratesticular RMS presents as a sudden appear- 
ance of a rapidly growing painless scrotal or ingui- 
nal mass distinct from the testis, sometimes 
fortuitously palpated. Bladder or prostatic RMS 
usually causes urinary retention due to bladder out- 
let obstruction or urinary problems such as pollaki- 
uria, dysuria, and hematuria and sometimes also 
constipation, tenesmus, and a palpable abdominal 
mass. The purely endovesical variant usually 
causes hematuria and urinary symptoms mimick- 
ing cystitis. Painless hematuria is often considered 
a benign condition, especially in adolescents, hence 
may delay the diagnosis. RMS in the vagina or 
uterine cervix presents with vaginal bleeding or 
discharge and sometimes a prolapse of a polypoid 
or grape-like (botryoid) mucosanguineous mass 
through the vulva. Rarely patients with RMS ini- 
tially have symptoms related to metastatic disease 
such as bone pain from skeletal metastases. 

2.1.4 Imaging of Rhabdomyosarcoma 
of the Lower Urinary Tract 


2.1.4.1 Locoregional Tumor Extent 

Both endoscopic evaluation of bladder and 
vagina and imaging play a major role in staging 
at diagnosis, monitoring during treatment, assess- 
ment of complications and during follow-up. 
Persistent hematuria without a history of infec- 
tion or trauma should prompt an US examination 
of the urinary tract with a decently filled urinary 
bladder. If necessary, it should be complemented 
by a perineal approach. Detection of bladder wall 
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thickening or a mural nodule or mass should ini- 
tiate further investigations. The features of RMS 
on US are nonspecific and vary with the tumor 
presenting as a homogeneous or heterogeneous 
hypoechoic or hyperechoic mass showing vascu- 
larization unless the tumor is necrotic (Fig. 31). 
CDS and mobilization of the patient can be help- 
ful in differentiating a neoplasm from a blood 
clot or debris. A tumor may show focal anechoic 
areas, representing necrosis or cysts. The exact 
site of origin of the tumor may be difficult to 
define with US. The excellent soft tissue contrast 
and the lack of ionizing radiation make MRI the 
best next step in the imaging workup. For BP 
RMS, MRI will yield information on infiltration 
of the bladder wall and invasion of the prostatic 
bed (Fig. 31). Invasion of the different parts of 
the bladder must be evaluated: the trigone, the 


lateral bladder walls, the dome, and the ureters. It 
may be difficult to distinguish bladder wall thick- 
ening due to tumoral invasion from hypertrophy 
from outlet obstruction. 

In the paratesticular form, US with a high- 
frequency (linear) probe (>7.5 MHz) will con- 
firm an extratesticular location of a solid mass, 
with increased vascularity (Fig. 32), hence dif- 
ferentiating it from a teratoma or a dysplastic rete 
testis (Fig. 33). With MRI, the entire abdomen 
must be screened for enlarged, possibly meta- 
static, lymph nodes. 

MRI is the best imaging modality to depict 
utero-vaginal forms of RMS: the site of origin 
will be determined (vagina, uterus, or parametria) 
as well as the extension into the surrounding tis- 
sues and spaces such as the ischiorectal fossa 


(Fig. 34). 


Fig. 31 Rhabdomyosarcoma of the bladder/prostate in a 
16-year-old boy. Ultrasound ((a) sagittal, (b) axial) shows 
a thickened bladder wall (B) and a prostatic mass (P). 
MRI ((c, d) axial T1-weighted fat-saturated images with 
gadolinium, (e) axial DWI b value of 800, (f) axial ADC, 


(g) sagittal T1-weighted fat-saturated image with gado- 
linium) shows the thickened bladder wall, as well as mul- 
tiple lymph node metastases (*) and skeletal metastases 
(arrows) 
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Tumor volume and locoregional extension are 
part of the factors that will define the prognosis and 
treatment: the type of surgery, chemotherapy, and 
brachytherapy. Imaging will also help in guiding 
biopsy, i.e., avoiding necrotic parts of the tumor. 


2.1.4.2 Distant Metastases 

Between 10 and 20 % of patients with RMS have 
metastases at diagnosis, most commonly in the 
lungs, cortical bone, and lymph nodes and less 
commonly in bone marrow and liver (Fig. 31). 
The pattern of metastatic spread varies with the 
anatomic site of the primary tumor. Prostate RMS 
is more likely to spread to the lungs and bone 
marrow than bladder RMS. Hepatic metastases 
are rare and must be searched for by US or 
MRI. Lung metastases occur in less than 10 % of 


Fig.32 (a-d) 
Paratesticular 
rhabdomyosarcoma in a 
9-year-old boy with a 
painless scrotal mass 
since 2 weeks. 
Ultrasound shows a large 
heterogeneous, 
well-vascularized mass 
(M) in the left scrotum, 
displacing the normal 
left testicle (T) 


685 


patients at the time of diagnosis, and a chest CT 
scan is part of the initial workup. 

Malignant cells may spread to all neighboring 
lymphatic chains: inguinal, femoral, obturator, 
iliac, and lumbo-aortic lymph nodes can be 
invaded (Fig. 31). 


2.1.4.3 Staging 

Full initial staging consists of cross-sectional 
imaging of the primary tumor, the entire abdo- 
men and pelvis, and the chest. US is always per- 
formed at diagnosis: if the local disease can be 


well appreciated, US can be used for monitoring 
during chemotherapy. According to the EpSSG 
2005 protocol, MRI is mandatory for abdominal 
staging, including contrast-enhanced images. 
Lymph nodes are suspicious for malignancy if 


Fig. 33 (a, b) Cystic dilatation of the rete testis in a 7-year-old boy, with an enlarged, painless right testicle since 3 weeks 
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Fig. 34 Vaginal rhabdomyosarcoma in a 4-year-old girl, 
with intermittently protruding tissue from the vagina 
since several months. MRI shows a vaginal mass that 
enhances with gadolinium and shows restricted diffusion 


they have a short axis>1.5 cm, if they have a het- 
erogeneous appearance, and if they only show 
peripheral enhancement. Chest CT is mandatory 
for evaluation of lung metastasis. It is common 
practice to search for bone metastasis with bone 
scintigraphy and perform bone marrow aspira- 
tion to exclude bone marrow invasion. A report 
from the Children’s Oncology Group Soft tissue 
Sarcoma Committee suggests that staging studies 
can be tailored to the patients’ presenting charac- 
teristics: chest CT and bone scan might not be 
necessary in all patients (Weiss et al. 2013). 
PET-CT is increasingly used as a staging tool in 
patients with RMS. There seems to be evidence 
that PET-CT (/MRI) is better than conventional 
imaging for identifying patients with nodal 
involvement at diagnosis. However, there is still 
only limited evidence on the role of PET-CT for 
treatment response and end of treatment evalua- 
tion (Norman et al. 2015). 


2.1.5 Principles of Treatment 
and Prognosis 

The presence of metastases at diagnosis is the 
strongest adverse prognostic factor. Also, alveolar 
histology, BP RMS, tumor size>5 cm, tumor 
involving one or more contiguous organs or tissues, 
clinical or pathological nodal involvement, incom- 
plete surgery, and patient age<1 year and >10 years 
are unfavorable factors (Bisogno and Ferrari 2012; 


(arrows) (a) sagittal T1-weighted image with fat satura- 
tion after gadolinium, (b) axial T1l-weighted image with 
fat saturation after gadolinium, (c) DWI b value 800, 
(d) ADC 


Oberlin et al. 2008). Paratesticular, vaginal, and 
uterine sites are considered “favorable.” 

Treatment for RMS is traditionally risk 
adapted: 


Low risk: small (<5 cm) tumor, completely 
resected at diagnosis, with favorable histol- 
ogy and site. This group consists mainly of 
paratesticular RMS. The EFS is approxi- 
mately 90%. In the EpSSG protocol, 
children with low-risk tumors are treated 
with a short course of non-intensive 
chemotherapy. 

Intermediate risk: patients with favorable histol- 
ogy and site. EFS is between 70 and 80%. 
High risk: patients with large E-RMS in an unfa- 
vorable site or with nodal involvement and 

most A-RMS. EFS is below 60%. 

Very high risk: mainly patients with metastatic 
RMS. EFS is between 20 and 30%. Surgery, 
radiotherapy, and chemotherapy are and have 
been combined in different ways by different 
international groups. There is concordance on 
the use of intensive chemotherapy and 
aggressive but non-mutilating surgery. 
Controversies exist on timing and method of 
local treatment and on the place of radiother- 
apy (Bisogno and Ferrari 2012). For BP RMS, 
retainment of bladder function is one of the 
goals of treatment. No differences in morbidity 
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or functional outcome for the different treat- 
ment philosophies of the different international 
trials have yet been demonstrated (Raney et al. 
2006). In younger children the risks of pelvic 
radiotherapy are very important, with long- 
term bladder fibrosis and dysfunction as well 
as the effect on the growth plates (Krasin et al. 
2005; Raney et al. 2006; Alexander et al. 
2012). Bladder-sparing surgery in combination 
with brachytherapy is the treatment of choice 
for BP RMS (Haie-Meder et al. 2013). 


2.1.5.1 Survival 

Collaboration between international clinical tri- 
als has led to dramatic improvement in survival 
of patients with low-risk and intermediate-risk 
disease, but it remains poor for patients with met- 
astatic, relapsed, or refractory disease (Harel 
et al. 2015). 


2.1.5.2 Relapse 

Most patients with recurrent RMS have a poor 
long-term prognosis but survival rates are related 
to histology. Estimated 5-year survival after 
relapse is 64 % for botryoid RMS, 26 % for other 
E-RMS, and 5 % for A-RMS and undifferentiated 
sarcoma (Pappo et al. 1999). 


2.1.6 Follow-Up 

According to the EpSSG-RMS-2005 protocol, 
tumor relapse surveillance is performed during 5 
years after end of treatment with (cross-sectional) 
imaging (US and MRI) of the primary tumor site 
and with CXR. 


Take Away 

Rhabdomyosarcoma (RMS) is the most com- 
mon primary malignant tumor of the lower 
GU tract in the first two decades of life. 

Distant metastases occur most com- 
monly in the lungs, bone, and lymph 
nodes. 

The prognosis of RMS depends on the 
location and size of the primary tumor, the 
presence of metastasis, histology and 
genetics, age of the patient, and surgical 
resection. 
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2.2 Differential Diagnosis 


2.2.1 Other Malignant Bladder 

Tumors 

Urothelial neoplasms, also known as transi- 
tional cell carcinomas, originate from meso- 
dermal cells in the bladder wall. This tumor 
type is most frequently found in elderly people 
and rarely occurs in children and adolescents. 
In contrast to adults, pediatric urothelial tumors 
are most often of low-grade malignancy, they 
tend not to invade the bladder muscle, and they 
have a low tendency for recurrence (Di Carlo 
et al. 2014). Inverted papilloma, polypoid blad- 
der wall lesions, common in adults, has also 
been described in children, although very 
rarely (Isaac et al. 2000). Several cases of leio- 
myosarcoma of the bladder have been described 
in patients previously treated for retinoblas- 
toma (Brucker et al. 2006). These patients have 
a genetic risk for developing other tumors and 
also the treatment with cyclophosphamide has 
been recognized as a cause of hemorrhagic 
cystitis and bladder cancer. 


2.2.2 Benign Bladder Tumors 

In general, bladder wall lesions in children are 
usually benign neoplasms or reactive in nature, 
but they can present in a similar way to 
malignancies. 

Hemangiomas represent 0.6% of all bladder 
tumors and are the most frequent benign tumors 
of the urinary bladder. It is difficult and often 
impossible to distinguish a bladder hemangioma 
from bladder RMS, and biopsy is usually required 
(Ashley and Figueroa 2010; Jahn and Nissen 
1991). 

Although patients with neurofibromatosis are 
at higher risk for developing genitourinary 
RMS, they may also develop neurofibroma in 
the bladder and prostate or, more rarely, in the 
internal genital organs in girls (Scheithauer 
et al. 2008; Mong and Bellah 2006). These 
tumors are benign but infiltrating, and in the 
bladder they can cause obstruction leading to 
renal function impairment. 

Bladder lesions such as fibromatous polyps 
may also mimic a malignant tumor and will 
often require biopsy. There are a few case 


688 


reports of leiomyoma of the bladder in children. 
These benign tumors cannot be differentiated 
from other tumors with imaging (Chen et al. 
2012). 

Pheochromocytoma of the bladder is a rare 
tumor. It occurs most often in young adults but 
has been described in children as young as 11 
years old (Beilan et al. 2013). 

2.2.3 Reactive, Inflammatory, 

and Infectious Lesions 

of the Bladder (See also 

Chapter “Imaging in Urinary 

Tract Infections”) 

Nephrogenic adenoma and cystitis glandularis 
are papillary lesions resulting from a metaplas- 
tic reaction of the urothelium to chronic inflam- 
mation, trauma (catheterization injury, bladder 
surgery), immunosuppression, or radiation 
(Waisman et al. 1990; Huppmann and Pawel 
2011; Heidenreich et al. 1999). A bladder wall 
abscess can occur in a context of previous 
instrumentation or urinary tract infection, an 
urachal remnant (Fig. 35) or inflammatory 
bowel disease and has also been described sec- 
ondary to a bladder wall hematoma (Defoor 
et al. 2002; Kuo and Cain 2004). During an epi- 
sode of cystitis, a diffuse bladder wall thicken- 
ing is not unusual. Focal thickening of the 
bladder has been described with eosinophilic 
cystitis: the thickened wall may mimic a bladder 
wall tumor, hence the term pseudotumoral cysti- 
tis (Fig. 36) (Thompson et al. 2005). It has been 
described in children with food and drug aller- 
gies, bacterial or parasitic infections, malignan- 
cies such as leukemia, subsequent to surgery 
and in chronic granulomatous disease, suggest- 
ing it is a response of the immune system (Rossi 
et al. 2011; Barese et al. 2004; Chang et al. 
2003). Inflammatory myofibroblastic tumor is 
characterized by proliferation of spindle cells 
(myofibroblast) mixed with inflammatory cells 
(lymphocytes, plasmocytes). It can occur in any 
organ and has also been described in the blad- 
der. It is a neoplasm with unconstant somatic 
ALK-gene mutation and malignant potential. It 
can appear as a polypoid mass or a focal wall 
thickening (Fuller et al. 2015). 
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2.2.4 Other Tumors of the Prostate 
Prostate adenocarcinoma, a tumor typically 
occurring in older men, has been described in 
boys under 17, although this paper dates from 
1980, and no other case reports have been 
described since (Shimada et al. 1980). Non- 
Hodgkin lymphoma can involve any organ or tis- 
sue. Although rare, cases have been reported 
where the prostate was primarily involved 
(Sinclair et al. 2014). 


Fig. 35 Two-year-old girl with an abscess in an urachal 
remnant. Axial ultrasound of the lower abdomen shows a 
heterogeneous, lobulated fluid-filled mass (A) in the mid- 
line, anterior and cranial to the bladder (B) 


Fig. 36 Pseudotumoral cystitis. Ultrasound shows dif- 
fuse thickening of the bladder wall and a focal mass 
attached to the wall 
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Inflammation and Infection 

of the Prostate 

Swelling due to inflammation of the prostate is 
rare in children. It is usually associated to a pros- 
tatic utricle cyst, and it can occur as a result to 
chronic voiding problems with high pressures 
(Hacker et al. 2009; Mong and Bellah 2006). 


2.2.5 


2.2.6 Scrotum 

The paratesticular tissues consisting of the sper- 
matic cord, epididymis, vestigial remnants, and 
tunica vaginalis may very rarely give rise to 
tumors other than RMS. In the prepubertal age 
group, benign tumors such as melanotic neuroec- 
todermal tumor of infancy, leiomyoma, fibroma, 
lipoma, and hemangioma can be encountered 
(Ahmed et al. 2010). Adenomatoid tumor is a 
benign slow-growing tumor of the epididymis of 
the adult man, rarely occurring in adolescents 
(Guo et al. 2015). On US it is an oval-shaped 
tumor in the epididymis. The tumor is usually 
small, homogeneous, and encapsulated and cystic 
or solid and isoechoic or hypoechoic to normal 
epididymis (Akbar et al. 2003). CDS shows an 
isovascular or hypovascular tumor compared to 
the surrounding epididymis (Annam et al. 2015). 
Reported MRI findings are a slightly hypointense 
tumor relative to the testicular parenchyma on 
T2-weighted images and usually not enhancing 
more intensely than the testis (Patel and Silva 
2004). Mimickers of paratesticular neoplasms are 
ectopic adrenal rests in the spermatic cord, often 
associated with synchronous intratesticular adre- 


Fig. 37 Ectopic adrenal rest in boy with adrenogenital 
syndrome. Ultrasound shows a lobulated hypoechoic 
lesion within the testis 
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nal rests (Fig. 37), spermatic cord lipoma, spleno- 
gonadal fusion, accessory testicle, spermatocele, 
epidermoid cyst, inguinal hernia, inflammatory 
pseudotumor, cystic dysplasia of the epididymis, 
meconium peritonitis, and vascular malforma- 
tions (Annam et al. 2015) (see also Chapter 
“Imaging in Male Genital Queries”). 


2.2.7 Vagina 

There are two types of vaginal malignancies other 
than RMS occurring in children. In the younger 
age group, usually under 3 years, malignant germ 
cell tumors occur. Endodermal sinus or yolk sac 
tumors are the most frequent type with alpha-feto- 
protein being a reliable marker. In prepuberal and 
puberal girls, vaginal clear cell adenocarcinoma 
occurs. All tumors present with vaginal bleeding 
or blood-stained discharge and/or a protrusion of a 
vaginal mass (Fernandez-Pineda et al. 2011; Goyal 
et al. 2014). Urothelial polyp of the anterior ure- 
thra has been described as a benign rare anomaly 
and mimicker of vaginal rhabdomyosarcoma by 
its presentation: an interlabial mass with bloody 
discharge (Akbarzadeh et al. 2014). 


Take Away 

Bladder lesions are usually benign tumors 
or of reactive, inflammatory, or infectious 
origin. 

Tumors other than RMS and inflamma- 
tion and infection of the prostate are 
extremely rare in children. 

Paratesticular tumors other than RMS 
are rare in children. 

In young children, RMS and yolk sac 
tumor are the most frequent vaginal tumors. 
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Fig. 1 A 12-year-old boy referred for evaluation of 
hematuria following minor trauma. US had revealed left 
hydronephrosis. MRI T2-weighted coronal image shows 
severe dilatation of multiple calyces contrasting with a 
slightly dilated pelvis. Megacalycosis was diagnosed 
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underlying kidney/urinary tract malformation 
(Fig. 1) or tumor. The most severe lesions are 
usually observed following high-energy trauma 
such as motor vehicle accident, pedestrian 
crash, or sport injury (biking, skiing, and 
horseback riding). On the other hand, minor 
trauma represents the most frequent situation: 
fall while playing for toddlers or bathroom 
accident for neonates and young children. 
Rarely, iatrogenic injury can also occur; 
inflicted injury should always be kept in mind 
as a potential cause. 

Nowadays, in the vast majority of trauma 
patients, the management is nonoperative and 
noninterventional (Fig. 2). This principle was 
first applied in children; it is now becoming a rule 
in adult traumatology as well. A trend toward 
conservative management naturally impacts on 
imaging strategies. 


Fig. 2 Blunt abdominal trauma in a 12-year-old boy. On 
first evaluation (a—c), ce-CT showed a splenic fracture, 
hemoperitoneum, and contusion of the upper pole of the 
left kidney (b, c). A high-flow arteriovenous fistula 
(arrow) was disclosed in the spleen (note dilated splenic 
vein on b) and confirmed by aCDS (not shown). 


Intravascular closure of the fistula was discussed, but con- 
sidering the absence of clinical symptoms and normal 
hemodynamics, it was not performed. One month later, 
clinical follow-up was unremarkable, splenic fistula was 
no longer permeable on ce-CT at portal time (d), and peri- 
toneal free fluid had decreased 
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Take Away 

Discrepancy between a relatively minor 
trauma and intense symptoms should raise 
suspicion of an underlying renal disease or 
malformation. 


2 Clinical Evaluation 
and Imaging Strategies 


Children with Severe Trauma 
and Multiple Injuries 


2.1 


Clinical findings are frequently limited, and even 
may be misleading. The mechanism of trauma 
and level of deceleration are essential elements 
of the diagnosis and imaging strategy. The pres- 
ence of abdominal (the “seat belt sign”) or lum- 
bar ecchymosis correlates positively with severe 
intra-abdominal injuries. The gastrointestinal 
tract (duodenum) and the pancreas are more fre- 
quently involved (Sokolove et al. 2005), but it 
can also be associated with urinary bladder or 
even with a horseshoe kidney injury (Fig. 3). 
Skin lesions have to be considered in the imag- 
ing management, since they may represent a 
contraindication to ultrasound (US) examina- 
tion. The localization of pain can point toward a 
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specific organ lesion; for example, left upper 
quadrant pain points to the spleen and left kid- 
ney. Hemodynamic parameters (heart rate, blood 
pressure) are crucial in organizing the child’s 
management and imaging workup. In this 
respect, one should remember that children have 
a higher physiologic circulatory reserve than 
adults; in children, the blood pressure is known 
to remain stable much longer than in adults in 
spite of a severe blood volume loss (Le Dosseur 
et al. 2005). The hematocrit can be a tricky 
marker as well. 

In cases of unstable, non-transportable chil- 
dren, surgery is performed on an emergency 
basis. Then the role of imaging is extremely lim- 
ited; a “focused assessment with sonography for 
trauma” (FAST) is able to identify the presence 
and rough location of peritoneal free fluid before 
proceeding to surgery (Walcher et al. 2006). 
Licensed emergency department physicians or 
professional sonographers can efficiently per- 
form FAST. 

In cases of severe and/or multiple trauma 
and a stable child, contrast-enhanced com- 
puted tomography (ce-CT) is unequivocally 
the modality of choice. If cranial trauma is 
present, a non-enhanced head CT is first per- 
formed in order to detect intracranial bleed- 
ing. Then a thoracic, abdominal and pelvic CT 
is carried out with contrast enhancement. 


Fig. 3 Blunt abdominal trauma after motor vehicle accident in a 7-year-old boy. Axial ce-CT image depicting renal 


fracture in a previously unknown horseshoe kidney 
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Pediatric adapted CT protocols are mandatory, 
and multiphase scanning in every indiscrimi- 
nate patient should be avoided (Riccabona 
et al. 2010; Damasio et al. 2013). 

The priority of the radiologist is to detect 
the conditions that should lead to urgent treat- 
ment including resuscitation techniques, sur- 
gery, percutaneous drainage, or embolization. 
Among these conditions are hemopericardium, 
rupture of the thoracic aorta, compressive 
pneumothorax, post-traumatic diaphragmatic 
hernia, intraperitoneal rupture of the urinary 
bladder, pneumoperitoneum, potentially devas- 
cularized kidney, and an active intra-abdomi- 
nal bleeding. 


Take Away 
In children, hypotension is a late sign of 
active bleeding. 


Children with Minor 
and Moderate Trauma 


2.2 


In cases of blunt abdominal trauma, the kidneys 
seem to be more frequently injured in children 
than in adults (Brown et al. 1998). The reason 
could be the relative weight and mobility of 
kidneys in the pediatric abdomen as well as their 
only fair degree of protection (non-ossified tho- 
racic cage covering less of the kidney, thin 
abdominal wall, and paucity of perirenal fat). 
Either gross or microscopic hematuria is frequent 
after urinary tract trauma. However, the severity 
of the renal lesion does not correlate with the 
degree of hematuria (Mayor et al. 1995). For 
example, the renal vascular pedicle lesion, one of 
the most severe renal injuries, rarely is revealed 
by gross hematuria. Moreover, gross hematuria is 
not always a sign of renal involvement; on the 
contrary, it is known to be an excellent marker of 
bladder injury (Stuhlfaut et al. 2007). 
Nevertheless, every child with haematuria after 
abdominal trauma should undergo renal and 
bladder imaging (Nguyen and Das 2002). It must 
be acknowledged that in those less severely 
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injured children, the imaging strategy is not as 
straightforward as in severe and/or multiple 
trauma patients. 

Enhanced CT remains the unquestionable ref- 
erence technique, though it was shown to be 
non-cost effective when performed without prior 
selection of the patients; the rate of negative 
studies can be close to 80% (Filiatriault and 
Garel 1995). Furthermore, the inevitable and 
significant radiation dose exposure is of special 
concern particularly in children (Brenner and 
Hall 2007). Other disadvantages of CT include 
those related with the need of intravenous iodine 
contrast medium administration and the avail- 
ability of CT facilities. On the other hand, the 
limitations of US, the concurrent imaging modal- 
ity, should be kept in mind. These limitations 
(diagnosis of free peritoneal gas, detection of 
spleen or liver injury during the first hours fol- 
lowing trauma, difficult access due to skin lesion, 
and characterization of a solid organ injury) may 
decrease the sensitivity of the examination even 
in experienced hands (Richards et al. 2002). 

The role of US in blunt abdominal trauma, 
both as initial screening and for follow-up, has 
been controversially debated (McKenney et al. 
1998; Eeg et al 2009; Canon et al. 2014). US has 
been claimed and increasingly promoted as a 
valuable alternative initial imaging modality in 
pediatric renal trauma, particularly in cases of 
minor and moderate trauma (Fig. 4) or trauma 
restricted to the kidney area (Pietrera et al. 2001; 
Lougué-Sorgho et al. 2006; Riccabona et al. 
2011; Amerstorfer et al. 2014). A complete US 
examination, including amplitude-coded color 
Doppler (aCDS) and sometimes spectral Doppler 
analysis, is often sufficient to reliably exclude 
major renal injuries, if performed under favor- 
able conditions by a well-trained examiner. 
Furthermore, the use of intravenous US contrast 
agents seems to improve the potential of US in 
the detection and characterization of abdominal 
solid organ injuries (Valentino et al. 2006; 
Thorelius 2007). In the future, contrast-enhanced 
US (ce-US) may allow for further reduction of 
patient radiation exposure by decreasing the 
number of CT examinations needed (Riccabona 
et al. 2014) (Fig. 5). 
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Fig. 4 Renal contusion following minor abdominal 
trauma in a 12-year-old boy with a single right kidney. 


US depicted a focal area of hyperechogenicity and loss of 


Fig. 5 Major renal trauma in a 16-year-old boy after 
motorcycle accident. US revealed an enlarged heteroge- 
neous kidney (a) with clear demonstration of extensive 


Take Away 
In children, hypotension is a late sign of 
active bleeding. 


2.3 Impact of Technical 
Environment on Imaging 


Strategy 


Non-medical aspects have to be considered in the 
imaging management of children with blunt 
abdominal trauma; the available imaging modalities 
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corticomedullary differentiation on grayscale US (a) and 
nonperfusion on aCDS (b). Note that the extent of the 
renal injury is clearly demonstrated on aCDS 


parenchymal devascularization on ce-US (b) (Courtesy 
Dr. Schweintzger, Leoben, Austria) 


and organization of the hospital obviously impact 
on the management of trauma children. For many 
years, the English literature has been reporting a 
poor sensitivity of US in the diagnosis of abdominal 
injuries (Benya et al. 2000). However, some conclu- 
sions were drawn from series of US examinations 
that had not been performed by expert pediatric 
radiologists. Results obtained by sonographers or 
emergency department physicians using portable 
equipment should not be compared with those from 
experts using last generation equipment, color 
Doppler and aCDS, high frequency transducers, 
and in some instances intravenous contrast agents. 
Due to differences in the practice of US, studies 
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originating from different countries or institutions 
cannot be directly compared. 

In many children’s hospitals throughout the 
world, CT is not as easily available as in the 
United States, Japan, or Germany (Chirdan et al. 
2007). For example, in the University Hospital of 
Rouen, short vehicle transportation to the adult 
hospital is required for every pediatric CT. This 
situation explains why many pediatric radiolo- 
gists have had to develop expertise in emergency 
US. Any transportation outside the intensive care 
unit carries its own risk, particularly considering 
that cardiovascular shock occurs much more 
abruptly in children than in adults. 

On the other hand, due to economic and finan- 
cial reasons as well as local administration poli- 
cies, there are an increasing number of radiology 
departments that do not hire enough medical staff 
to take over imaging examinations 24 hours a day 
throughout the year. This is particularly true for 
US, as more and more facilities keep CT available 
through teleradiology resources. Therefore, sig- 
nificant heterogeneities among different scenar- 
ios will influence imaging strategies in pediatric 
urinary tract trauma. 


Take Away 

US series should be interpreted with cau- 
tion regarding the expertise of the opera- 
tors, the employed equipment, and the local 
context. 


2.4 Imaging Strategy 

The aims of imaging are the early detection and 
accurate grading of significant urinary tract inju- 
ries (and other associated injuries), in order to 
timely provide the essential information needed 
for adequate therapeutic decision and optimal 
patient management. 

Some algorithms have been suggested, for 
example, a group from Atlanta (Perez-Brayfield 
et al. 2002) proposed to limit the use of CT to trau- 
matized children with >50 red blood cells/mm? on 
urinalysis, hypotension on presentation at the 
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emergency room, or based on the severity and 
mechanism of injury. In Europe, the use of US with 
aCDS has been common practice for several years 
for the initial evaluation of a stable child with minor 
and moderate trauma and/or (microscopic) hema- 
turia, with CT reserved only for selected cases 
(Pietrera et al. 2001; Lougué-Sorgho et al. 2006; 
Amerstorfer et al. 2014). The European Society of 
Paediatric Radiology abdominal (GI and GU) 
imaging task force and the European Society of 
Uroradiology paediatric working group have pro- 
posed a consensus-based imaging algorithm for 
pediatric urinary tract trauma (Riccabona et al. 
2011). These consensus-based recommendations 
that have gained increasing acceptance throughout 
Europe (and even non-European countries) aim to 
standardize and improve imaging evaluation in 
pediatric urinary tract trauma by optimizing diag- 
nostic imaging accuracy while reducing invasive 
imaging procedures. 

CT is undoubtedly the primary imaging 
modality of choice in sufficiently stable patients 
who suffered from major trauma and poly- 
trauma (Fig. 6). If an isolated direct flank injury 
has occurred and thus with less probability of 
other associated abdominal injuries, one should 
alternatively consider US as the first imaging 
choice provided a high-quality US examination 
is available. CT is recommended as the first step 
examination when US is not feasible either 
because of patient-related limitations (severe 
pain, obesity, or skin lesions) or local facility 
restrictions (unavailable minimal standard qual- 
ity US), but CT can also be replaced by MRI if 
available and handling of a stable patient is fea- 
sible in the MR suite. A complete and compre- 
hensive US examination of the entire abdominal 
and pelvic cavity, including aCDS of the kid- 
ney — and potentially supplemented with intra- 
venous ce-US — is recommended as the initial 
choice pediatric renal imaging in cases of minor 
and moderate trauma (Fig. 7). Additional com- 
plementary ce-CT should be considered if US 
findings are abnormal (and further information 
is required for therapy decisions), inconclusive 
or discordant with more worrying clinical signs, 
or if there is (acute) clinical deterioration. US is 
certainly recommended as the method of choice 
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Major Trauma / Polytrauma 
(= high pretest probability) 
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“FAST ” 


Follow-up US + (a)CDS 
additional imaging as needed: 
MRI, ce-CT, DMSA 


(“FAST”) 


US + (a)CDS 
Entire abdomen & pelvis 


IV contrast? 


Contrast enhanced CT 


Pediatric adapted CT protocol 


Interventional / 
angiography 


‘direct impact to flank and high quality US available 


Fig.6 Simplified flowchart on imaging strategy in suspected renal injury following major trauma and/or polytrauma in 
children, according to ESPR and ESUR recommendations (Riccabona et al. 2011) 


for follow-up of children with traumatic renal 
lesions, even if the injuries were initially 
detected by CT. The systematic follow-up even 
of high-grade pediatric renal injuries with 
repeated CT as previously suggested (Buckley 
and McAninch 2004) does not seem justified 
(Amerstorfer et al. 2014). 

MRI can be performed successfully instead 
of ce-CT, for example, in children with a known 
allergy to iodinated contrast media (Marcos 
et al. 1998). However, MRI is usually less avail- 
able and more time consuming than CT, which 
is a crucial factor to consider in the acute 
trauma context. Otherwise, reliable monitoring 
of vital parameters inside the magnet requires 
sophisticated devices. On the contrary, MRI 
should be definitely considered whenever pos- 
sible in non-emergent situations for suspected 


pediatric renal trauma with late presentation 
and for follow-up, particularly if US results are 
not conclusive (Riccabona et al. 2011). In the 
era of CT and MRI, intravenous urography 
(IVU) is no longer indicated, though in some 
rare instances an adapted focused IVU or sim- 
ply an abdominal film taken approximately 
15 min after injection of iodine contrast 
medium, the so-called one-shot IVU, may be 
helpful to assess renal function and urinary 
leakage and/or patency of the ureter in an 
unstable child that is taken directly into the 
operating room or to the intensive care after a 
trauma CT (without late excretion phase) 
(Riccabona et al. 2010). 

No indication remains for angiography in 
the diagnostic evaluation of blunt abdominal 
trauma. On the one hand, the risk of the exami- 
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nation is relatively high. On the other hand, 
vascular injuries are extremely well depicted by 
aCDS and/or ce-CT. Angiography can be pro- 
posed in relatively rare instances when percuta- 
neous treatment (embolization, angioplasty) 
appears to be the best option (Fig. 8). In the 
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context of emergency, interventional radiology 
is an excellent tool to treat active bleeding. 
Later in the course, recurrent or persistent gross 
hematuria is an important indication; it is fre- 
quently due to a traumatic arteriovenous fistula 
(which can occur after blunt trauma). In cases 


Minor & Moderate Trauma 
(= low pretest probability) 


US + (a)CDS 
Entire abdomen & pelvis 


IV contrast? 


Severely 
abnormal 


Contrast enhanced CT 
Pediatric adapted CT 
protocol 


1 
i 
1 
' 

v 


Surgery 
Intervention/angiography 


; Minor pathology 


Follow-up US + (a)CDS 
in 6-24h, clinical observation? 
additional imaging as needed: 


MRI, ce-CT, DMSA 


*also considerer if high probability additional injury, clinical discordance 
&/or deterioration, no reliable US available, no clinical observation planned 


Fig. 7 Simplified flowchart on imaging strategy in suspected renal injury following minor and moderate trauma in 
children, according to ESPR and ESUR recommendations (Riccabona et al. 2011) 


Fig. 8 Six-meter fall in a 10-year-old boy. Liver and right 
kidney injury. CT performed on admission showed intra- 
and retroperitoneal effusions (a). Active bleeding of the 
right renal artery was demonstrated by ce-CT and then 


confirmed by angiography (b). Selective embolization of 
the injured artery was carried out with immediate satisfac- 
tory result. Loss of renal function on the right side was 
detected 1 year later by DMSA scintigraphy (c) 
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of occlusion, dissection, or pseudoaneurysm of 
a renal artery, percutaneous treatment can be 
justified in order to recanalize or to occlude the 
involved arterial segment. 

Imaging algorithms are a valuable support for 
daily practice at the emergency department but in 
children a challenge particularly for general radi- 
ologists not familiar with pediatric patients. 
Standardization of imaging strategies will facili- 
tate future evidence-based studies. 


Take Away 

Imaging strategy aims to optimize diagnostic 
imaging accuracy while reducing (unneces- 
sary) invasive imaging procedures. 


3 Renal Injuries 


3.1 The AAST Classification 

The most commonly used classification was pro- 
posed by the American Association for the 
Surgery of Trauma (AAST) (Moore et al. 1989), 
which has been validated as predictive of clinical 
outcome and surgery (Santucci et al. 2001; Kuan 
et al. 2006; Shariat et al. 2007; Tasian et al. 2010). 
The ASST classification divides renal injuries in 
five grades, ranging from mild to severe lesion 
(Table 1). Minor injuries include grade I and II 
lesions (Figs. 9 and 10). Patients with minor 
injuries were shown to recover without sequelae; 
they represent 75 % of all blunt abdominal trauma 
cases (Wessel et al. 2000). Grade III lesions may 
be considered as intermediate injuries (Fig. 11), 
whereas major injuries include grades IV and V 
lesions (Figs. 12 and 13). It is noteworthy that 
treatment and prognosis of the two types of grade 
V injuries are completely different. Vascular ped- 
icle lesion is considered as an extreme urgency; a 
revascularization procedure should be started 
within 6 (or even the first) hour following injury. 
In most cases, the functional prognosis of the 
kidney or involved segment is extremely poor 
(Fig. 8). On the contrary, renal fractures are usu- 
ally managed nonoperatively, with a much better 


709 


Table 1 Renal injury grading according to the ASST 
organ injury scale (Moore et al. 1989) 


Renal 
injury | Description 
GradeI | Contusion or non-enlarging subcapsular 


| hematoma, no laceration 
Grade II | Non-expanding perirenal hematoma 
Superficial laceration <1 cm depth, 


| without urinary extravasation 


Grade III | Laceration >1 cm depth 
| Without extension into renal pelvis or 


| collecting system 


urinary extravasation 
Renal artery or vein injury with contained 
hemorrhage (segmental infarct) 


Shattered kidney 
Avulsion of renal hilum with renal 
| devascularization 


Grade V 


functional prognosis. Prognosis depends more or 
less on the volume of the devascularized kidney 
parenchyma. Similarly, significant differences in 
the management of grade IV injuries may also 
occur; for example, those patients with deep lac- 
erations involving the collecting system have an 
increased risk to develop early urologic compli- 
cation requiring intervention such as urinoma 
formation and even “auto-hemofiltration.” They 
hence need close observation and sometimes 
more intense imaging surveillance (Bartley and 
Santucci 2012). 

The ASST classification, though primarily 
based on surgical findings, has been shown to 
correlate with ce-CT findings. Improvement of 
CT technology — with resultant higher diagnos- 
tic capacities — and advances in interventional 
radiology approach, together with the increased 
knowledge of the natural history of renal trauma, 
have allowed for conservative treatment, either 
expectant or minimally invasive, to become the 
preferred management strategy for the majority 
of patients with renal injuries, even those with 
high-grade lesions (Rogers et al. 2004; Umbreit 
et al. 2009; Jacobs et al. 2012). Nowadays, indi- 
cations for surgical treatment are getting rarer, 
with uncontrollable bleeding remaining the 
most important one, particularly if interven- 
tional angiography is unavailable or ineffective. 
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Fig. 9 Renal injury ASST grade I 
(renal contusion) in a 13-year-old 
girl. US performed 24 h after the 
injury revealed swelling of the 
kidney with focal hyperechoic and 
loss of corticomedullary differen- 
tiation lesion with small amount 
of perirenal fluid (a), and 
hypoperfusion on aCDS (b) 


Fig. 10 Renal injury ASST grade II (renal laceration) in 
a 3-year-old boy after a fall with direct impact into the 
left flank. US on admission (a) with linear hypoechoic 
parenchymal disruption and irregular contour of the left 
kidney and perirenal fluid collection. Follow-up US 


Fig. 11 Renal injury ASST grade 
II in a 19-year-old woman after 
motor vehicle accident. Deep 
lacerations of the right kidney and 
perirenal hematoma seen on ce-CT 
at portal phase (a) with no evidence 
of urinary extravasation on 
excretory late phase (b) 


Other possible indications for surgery include 
urinary extravasation, high percentage of nonvi- 
able renal tissue and a large perirenal hematoma 
compressing the kidney (the so-called Page 
kidney). 

However, this classification does not take the 
possible ureteric injuries into account that are 
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showed persistent small perirenal fluid and heteroge- 
neous hyperechoic parenchymal area at day 5 (b), with 
resolution of the perirenal hematoma and decreased size 
of the hypoperfused lesion on aCDS at day 12 (c) 


known to be more frequent in children than in 
adults (Reda and Lebowitz 1986). Ureteropelvic 
junction disruption is the most common loca- 
tion in cases of blunt abdominal trauma; it pre- 
dominates in children with ureteropelvic junction 
obstruction. Diagnosis is difficult due to the 
absence of hematuria. Other lesions do not belong 
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Fig. 12 Renal injury ASST grade IV (segmental infarc- 
tion) in a 14-year-old boy after a fall from a horse. On 
admission, US showed slight parenchymal heterogeneity 
of the upper moiety of the left kidney with complete 
devascularization on aCDS (a). Immediate ce-CT con- 


to this classification either. As stated above, intra- 
renal arteriovenous (or arteriocalyceal) fistulas or 
pseudoaneurysms can usually be treated success- 
fully by super-selective angiography. Adrenal 
hematoma is frequently associated; the diagno- 
sis by CT is straightforward, but feasible also on 
US. The endocrine prognosis is usually excellent, 
and calcification is frequent on follow-up. 
Several authors have proposed modification 
of the ASST renal injury grading system in order 
to improve standardization as well as therapeutic 
guidance of high-grade renal injuries (Dugi et al. 
2010; Buckley and McAninch 2011; Figler et al. 
2013) —a formal revision has not yet taken place. 


Take Away 

Conservative, or minimally invasive, treat- 
ment has become the preferred therapeutic 
option for the majority of patients with 
renal injuries. 


firmed segmental infarction of the left kidney (b, c). 
Spleen injury was also present (c). Follow-up US per- 
formed 4 months later revealed atrophy and nonperfusion 
of the upper third of the left kidney (d) 


3.2 Ultrasound 

US is efficient to show perirenal fluid collec- 
tions (i.e., hematoma or a mixture of urine and 
blood), but it cannot assert the type of fluid. 
A focal impression on the kidney is identified 
in subcapsular hematoma, while a collection 
with a ruptured capsula tends to surround and 
displace the whole kidney. Subcapsular and 
perirenal hematoma may be difficult to detect 
on grayscale US, due to similar echogenicity 
with renal cortical parenchymal in early stages, 
a feature that can be overcome with the help 
of aCDS. Renal contusion can be identified 
as an initially isoechoic, then hyperechoic, 
and eventually even hypoechoic lesion with 
loss of corticomedullary differentiation and 
focally decreased signals on aCDS (Fig. 9) or 
on ce-US. Renal laceration can be difficult to 
detect, too — but usually an associated perire- 
nal hematoma is present (Fig. 10). A careful 
search for central hilar structure abnormali- 
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Fig. 13 Renal injury ASST grade 
V ina 14-year-old boy after blunt 
abdominal trauma. Increased size 
and diffuse heterogeneity of the 
right kidney on US (a) with 
thrombus occlusion of the right 
renal vein on aCDS (b). Immediate 
ce-CT, portal (c, e), and late phases 
(d, f) showed renal fracture and 
perirenal hematoma (c, e), 
thrombosis of the right renal vein 
(arrow) (d), and contrast extravasa- 
tion (arrow) with urinoma 
formation (f); note patency of the 
ureter. Nephrectomy was 
performed due to uncontrolled 
bleeding 


ties is necessary. A grayscale US examination 
can be completely normal in case of a vascu- 
lar pedicle lesion; therefore, any examination 
should include aCDS which can detect com- 
plete or partial loss of vascularization (Fig. 12). 
If such an examination is not possible for any 
reason, CT should be performed. Ureteropelvic 
disruption is difficult to detect on US and only 
suspected by indirect signs with fluid collec- 
tion formation (urinoma). Renal fracture is usu- 
ally more difficult to characterize by grayscale 
US or aCDS (Pietrera et al. ); as for other 
vascular and parenchymal renal injuries, ce-US 
can help approach this diagnosis. Of course, 
the US examination should be completed by 
an entire survey of the whole abdominal cavity. 
For example, in cases of a right kidney lesion, 
it is common to find an associated liver lesion, 
whereas in left kidney lesions associated spleen 
injuries are likely. 
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Take Away 

Always include aCDS in renal trauma US 
examination; particularly in early stages, 
grayscale US alone may miss significant 
renal injuries. 


3.3 Computed Tomography 

In case of severe trauma and/or polytrauma or if 
any abnormality is found by US that cannot be 
assessed accurately for therapy decision making, 
or in case of any discrepancy between clinical 
and biological findings and a normal US, ce-CT 
should be performed in an acute setting. The 
injection protocol and delay times can be tai- 
lored based on the previous results, and trauma 
CT protocols should be established in advance 
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where pediatric CT adaptation needs should 
not be neglected (Damasio et al. 2013). In most 
cases, the child is scanned at the tubular phase 
(approximately 60 s after 1.5-2 ml/kg of contrast 
medium); this may be repeated after 10 min — if 
the first scan shows fracture and/or perirenal col- 
lection — in order to look for urinary contrast 
extravasation and/or ureter patency (Figs. 11 
and 13). A preliminary non-enhanced acquisi- 
tion is rarely useful; thus it should be avoided. 
An arterial phase scan can be performed when 
an arterial lesion is suspected, easily achieved 
by including the upper abdomen in the arterial 
chest phase range in a polytrauma CT protocol. 
Such a diagnosis is based on the following signs: 
decreased attenuation of the renal parenchyma 
at arterial phase, non- or delayed opacification 
of the excretory tract, and cortical rim sign as 
well as medullary enhancement (Malmed et al. 
1992). Nowadays, ce-CT allows approaching the 
vascular lesion with good accuracy; it may show 
thrombosis, rupture, or dissection (Fig. 13). 
Multiplanar two- or three-dimensional reformat- 
ting is another advantage of multidetector CT. 

On CT, the presence of intravascular contrast 
extravasation, medial laceration and perirenal 
hematoma with more than 3.5 cm thickness were 
recently identified as predictors of bleeding after 
renal injury (Dugi et al. 2010; Figler et al. 2013). 
On the other hand, medial urinary contrast 
extravasation and urinoma size were related with 
increasing need of urologic intervention (Bartley 
and Santucci 2012; Reese et al. 2014). The 
absence of contrast in the ipsilateral ureter in an 
excretion phase (if performed) or on a double/ 
split bolus technique scan is always a worrying 
sign which may indicate ureteropelvic junction 
injury (Cannon et al. 2008; Bartley and Santucci 
2012). 


Take Away 

Pediatric adapted CT protocols are essential 
to optimize ce-CT diagnostic accuracy 
while reducing ionizing radiation exposure. 
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3.4 Imaging Complications 


and Sequelae 


In the hours and days following the acute 
phase, intra- or extra-renal secondary bleeding 
is the main risk. It justifies hospitalizing trau- 
matized children at the intensive care unit for a 
close clinical, biological, and imaging follow- 
up. US is the modality of choice for bedside 
follow-up when transportation to the radiol- 
ogy unit is considered difficult or even danger- 
ous. The quality of equipment and experience 
of the examiner strongly impact the quality 
of information provided by bedside examina- 
tions. An increasing urinoma and/or perirenal 
hematoma size on US usually requires addi- 
tional imaging with ce-CT or preferably MRI 
whenever possible. Otherwise, perirenal uri- 
noma or hematoma can become infected and 
may justify percutaneous drainage under US 
or CT guidance, complemented by JJ drain- 
age of the injured collecting system — which is 
the crucial point for healing. Later on, partial 
or complete lack of renal function is the most 
frequent complication in high-grade renal 
injuries (Fig. 8c). Arterial hypertension may 
develop in 7-10 % children with severe lesions 
(Delarue et al. 2002). 

Nuclear medicine studies can be performed 
in the late stage of renal trauma to evaluate the 
residual renal function. Either DMSA-*" Tc or 
MAG3-”" Tc studies can be performed. 
MAG3-°™ Tc is preferred in patients in whom 
excretion should be assessed as well, and in 
kidneys with low function. Functional MR 
urography is a promising and emerging exami- 
nation for this query (Fig. 14) (Grattan-Smith 
and Jones 2008). 


Take Away 

MR and/or targeted isotopic examinations 
are the imaging techniques of choice for 
follow-up of high-grade injuries. 


Fig. 14 Right renal fracture in a 15-year-old boy. Initial 
workup showed perirenal leak and two vascularized small 
fragments (a). Delayed DMSA scan showed severely 
decreased uptake of the right kidney (b). Delayed MRI 


4 Bladder Injury 


Bladder injury is relatively infrequent in chil- 
dren. It is usually the consequence of blunt 
abdominal trauma in a child with a full blad- 
der. Motor vehicle accident is a common cause. 
Seat belt ecchymosis, hematuria, and pelvic 
fractures can be associated. Pelvic fractures 
are less common in children, and the inci- 
dence of significant lower genitourinary injury 
associated with pelvic fractures is also lower 
in children than in adults, being reported in 
only 0.5-3.7 % (Tarman et al 2002; Gomez 
et al 2004). Bladder injuries are usually classi- 
fied as intraperitoneal rupture, extraperitoneal 
rupture and combined lesions. Bladder contu- 
sion is a minor injury resulting from damage to 
the bladder mucosa or muscularis without full 
thickness loss of the bladder wall integrity; it 
may be revealed by a focal thickening of the 
bladder wall on US or an irregular contour on 
cystography without contrast extravasation 
(Fig. 15). Urinary leakage into the peritoneum 
is more frequent in children than in adults for 
anatomical reasons, due to the higher position 
of the child urinary bladder in the abdominal 
cavity (Sivit et al. 1995). Intraperitoneal blad- 
der rupture is associated with high mortality 
and morbidity rates, requiring immediate sur- 
gical repair. On the contrary, extraperitoneal 
bladder rupture — causing prevesical hematoma 
or leakage into the prevesical space — is usually 
managed conservatively. US is not the modal- 
ity of choice, although it may reveal secondary 
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provided the same functional results as DMSA scan, plus 
excellent depiction of renal morphology (c) (Courtesy of 
S. Hanquinet) 


Fig. 15 Bladder contusion in a 7-year-old boy with 
hematuria after moderate abdominal blunt trauma. Focal 
thickening of the bladder wall (marked in the between 
x...x) and echogenic sediment in the bladder seen on US 


signs; it can show hematoma and free fluid in 
the pelvic cavity that does not seem to be delin- 
eated by a normal bladder. Cystography, either 
conventional (VCUG) or by ce-CUS or CT 
cystography, is the preferred imaging tool to 
establish the diagnosis (Quagliano et al. 2006) 
(Fig. 16). Standard trauma CT with delayed 
images can also be used, although it should be 
recognized that it can miss significant bladder 
injuries if bladder distension is insufficient. 
When performing VCUG, it is recommended 
to start with careful opacification of the urethra 
to ensure there is no associated lesion and then 
complete the examination with bladder opaci- 
fication (Bisset et al. 1991). Associated bone 
fractures should not be overlooked. 
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Take Away 

Intraperitoneal bladder rupture, a surgical 
emergency, is more common in children 
than in adults. 


5 Urethral Injuries 


Urethral lesions occur much more frequently in 
male children for evident anatomical reasons. 
The adult-type lesion involving the membranous 
urethra complicates perineal injury and remains 
the most frequent one in adolescents. In adult 
men, the posterior urethra is relatively protected 
by the mature and firm prostate tissue. On the 
contrary, in children, urethral injuries may occur 
anywhere along the posterior urethra because the 
small soft prostate provides little stabilizing effect 
(Avanoglu et al. 1996). Hence, either partial tear 
or complete rupture of the posterior urethra can be 
observed. Management of partial tears is based on 
either prolonged catheter drainage of the urethra 
or suprapubic cystostomy (Glassberg et al. 1979). 

In cases of complete disruption of the poste- 
rior urethra, the first step treatment is suprapubic 
drainage. The Mitrofanoff principle (interposition 


Fig. 16 Bladder 
intraperitoneal rupture. 
Initial ce-CT showed 
thickening of the 
anterior left sided wall 
of the bladder dome 
with some fluid in 
adjacent prevesical 
space (a); an incidental 
bladder diverticulum 
was also noted (*). CT 
cystography (b-d) 
confirmed the presence 
of a bladder leak 
(arrow) with contrast 
extravasation into the 
intraperitoneal cavity 
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of the appendix between the urinary bladder and 
the abdominal wall) has been occasionally applied 
in severely crushed patients to divert the urine 
(Freitas Filho et al. 2003). Except in girls, in gen- 
eral immediate primary repair should be avoided, 
because of its associated high rates of complica- 
tion (Pichler et al. 2012). 

Anterior urethral injuries are usually straddle 
type. Unlike posterior urethral injuries, anterior ure- 
thra tears are rarely associated with pelvic fractures. 
Urethral injuries may be iatrogenic or inflicted. 
Bladder neck disruption seems to occur more fre- 
quently in children than in adults. It may be the con- 
sequence of blunt abdominal trauma and may be 
associated with pelvic fracture involving displace- 
ment of the pubic symphysis. It should be differen- 
tiated from urethral disruption because it may need 
primary repair rather than a cystostomy tube and 
secondary surgery. Anterior disruption at the blad- 
der neck (vesicoprostatic junction) may occur in 
boys, while rupture through the vesicovaginal sep- 
tum may occur in girls (Merchant et al. 1984). 

The radiologist should avoid any urethral 
catheterization when urethral disruption is sus- 
pected. Secondary repair is the rule for urethral 
injuries, so that a minimal imaging evaluation 
should be performed in emergency situations 
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(Baskin and McAninch 1993). Retrograde opaci- 
fication of the urethra by water-soluble iodinated 
contrast medium is the reference examination 
(Riccabona et al. 2015) (Figs. 17 and 18b). 
A Foley catheter with a balloon inflated in the 
fossa navicularis is used. Combined retrograde 
urethrography with anterograde cystourethrog- 
raphy via a suprapubic catheter is helpful for full 
assessment of the site, severity, and length of the 
urethral injury (Fig. 18c). CT cystography can 
be considered in cases of bladder neck disrup- 
tion and/or pelvic bones fractures for a compre- 


Fig. 17 Complete disruption of the membranous urethra 
in an adolescent boy shown by retrograde urethrography 
(arrow). Note the inflated balloon of the Foley catheter in 
the fossa navicularis 


Fig. 18 Complete disruption of posterior urethra in a 
9-year-old boy after straddle injury. ce-CT (a) showed 
right pubic ramus fracture, obliteration of the fat plane 
around the urethra, and bilateral hematoma of the obtura- 
dor internus muscle; perineal air bubbles also noted (a). 
Retrograde urethrography confirmed complete disruption 
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hensive overview. Furthermore, signs of urethral 
injury such as obliteration of the fat plane around 
the urogenital diaphragm, ill-defined contour of 
the prostate gland, and obliteration of the inter- 
nal obturator muscle should be recognized in any 
trauma CT (Fig. 18a). 

The key questions to address by imaging are 
as follows: Is there any urethral leak (the absence 
of a leak cannot exclude hematoma or contu- 
sion) and is there any retrograde opacification of 
the bladder (allowing the differential diagnosis 
between complete and partial disruption of the 
urethra)? The follow-up of patients is of primary 
importance. The aim is to detect urethral stenosis 
or diverticulum (Fig. 18c). Again, prudent retro- 
grade opacification is the optimal examination. 
Other imaging modalities, such as urethral US 
(or ce-US) and urethral MRI, may give addition- 
ally important information concerning the sur- 
rounding extraluminal soft tissue, which can be 
advantageous for surgical planning when delayed 
reconstruction is performed (Pichler et al. 2012). 


Take Away 

In urethral trauma, imaging studies should 
be scheduled and oriented accordingly with 
surgical management. 
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of the posterior urethra with contrast extravasation into 
the extraperitoneal pelvis; also note right pubic ramus 
fractures (b). Combined retrograde urethrography with 
anterograde cystography 9 months later showed a long 
segment stenosis of the posterior urethra; note contrast 
reflux into the prostatic ducts (c) 
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6 Scrotal Injuries 


See also chapter “Imaging in Male genital 
Queries”. 

Scrotal trauma occurs more frequently in 
older boys and often results from blunt trauma 
during sport activities, motor vehicle accidents, 
falls, or straddle injuries. Sport accidents account 
for more than 50% of all cases of testicular 
injuries (Bhatt and Dogra 2008). The majority of 
scrotal injuries are managed conservatively. 
Testicular rupture is a surgical emergency, with a 
high rate of testicular salvage if surgical repair is 
performed within 72 hours of testicular injury. 
Disruption of tunica albuginea and compromised 
testicular blood flow are main indications for 
surgical exploration. Furthermore, high clinical 
suspicion of testicular rupture (despite equivocal 
US findings) and penetrating trauma should also 
prompt surgical exploration. 
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Clinical examination may be difficult. US 
with Doppler sonography is the imaging modal- 
ity of choice to evaluate scrotal trauma. The 
primary goal of imaging is to assess the integ- 
rity of tunica albuginea and the vascularization 
of the testis. Scrotal US with aCDS has a high 
diagnostic accuracy for detection and char- 
acterization of scrotal injuries (Buckley and 
McAninch 2006). On US, intratesticular contu- 
sion or hematoma is seen as an avascular focal 
lesion, hyper-, iso-, or hypoechoic — depending 
on the time that has elapsed between the injury 
and US examination. In acute phases it might 
be difficult to differentiate it from the surround- 
ing normal testis on grayscale US; thus aCDS is 
mandatory (Fig. 19). Testicular fracture refers 
to a break of the normal testicular parenchyma, 
whereas testicular rupture implies discontinuity 
of the tunica albuginea, with potential extru- 
sion of the testicular components. US signs 


Fig. 19 Scrotal trauma on US and CDS. Testicular 
rupture in an 18-year-old boy (a) — testicular increased 
size, irregular contour, heterogeneous echotexture, 
and non-perfused parenchymal areas. Scrotal injury 
with extensive testicular devascularization in a 3-year- 


old boy (b). Testicular post-traumatic torsion in a 
16-year-old boy (c, d) — testicular increased size and 
heterogeneous parenchyma with absent perfusion (c); 
associated extratesticular fluid collection (+...+) due to 
hematocele 
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of testicular rupture include disruption of the 
tunica albuginea, abnormal testicular contour, 
heterogeneous echogenicity, and loss of vascu- 
larization of the testis (Fig. 19a). The amount 
of nonviable testicular parenchyma on aCDS 
helps decide on the type of surgery (Bhatt and 
Dogra 2008) (Fig. 19b). Scrotal trauma may 
also result in testicular dislocation as well as 
in testicular torsion (Fig. 19c). Extratesticular 
hematoma (hematocele) and scrotal wall hema- 
toma are common findings after scrotal blunt 
trauma (Fig. 19d). Post-traumatic epididymitis 
can also occur. 


Take Away 

US with CDS can accurately assess the 
integrity of tunica albuginea and the vascu- 
larization of the testis. 
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1 Introduction 


Percutaneous techniques offer several advantages 
over open surgery in the treatment of many pediat- 
ric genitourinary diseases. The pediatric interven- 
tionalist routinely performs minimally invasive 
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4 Summary. 74g neous techniques have now been established as 
equal to or better than the corresponding surgical 
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techniques in many instances. In spite of this, 
pediatric genitourinary intervention has grown 
relatively slowly over the past decade. Limited 
growth in this area is likely due to a variety of fac- 
tors, especially the preference of urologists to per- 
form combined percutaneous and surgical 
procedures in the operating room. Most referrals 
to pediatric interventional radiologists are cases 
that are difficult to treat operatively or with endo- 
scopic techniques. Consequently, a relativel 
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built. This chapter discusses diagnostic and thera- 
peutic interventional procedures of the genitourinary 
(GU) tract, including percutaneous nephrostomy 
tube and ureteral stent insertion, ureteral stricture 
dilatation, nephrostomy tract dilatation, percutane- 
ous removal of calculi, endopyelotomy techniques 
used in the treatment of ureteropelvic junction (UPJ) 
strictures, percutaneous renal angioplasty for treat- 
ment of renovascular hypertension, and embolother- 
apy of the GU system. 


2 Nonvascular Interventions 
2.1 Whitaker (Pressure-Flow) 
Perfusion Test 


In 1973, Dr. Whitaker described the pressure-flow 
stress test to help understand the physiologic 
aspects of a dilated urinary tract. Dr. Whitaker 
determined that urine flow at the time of maximum 
diuresis was 10 ml/min, reasoning that a normal 
ureter should be able to tolerate this rate without a 
significant increase in intrapelvic pressure. The 
initial approach to testing was to infuse saline into 
the renal pelvis at a rate of 10 ml/min while simul- 
taneously measuring the intrarenal and bladder 
pressure and determining the difference between 
the two pressure measurements. Normal pressure 


Fig. 1 6-month-old male with congenital right UPJ 
obstruction status post-dismembered pyeloplasty presents 
with persistent dilatation of the right renal collecting sys- 
tem. (a) Ultrasound-guided access of the distended right 
renal pelvis with a 5-French Yueh catheter (arrow). (b) 
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gradient was considered below 15 cm of water and 
abnormal above 22 cm of water, with a zone of 
uncertainty for pressures between the two. In prac- 
tice, we prefer to consider pressure gradients less 
than 22 cm of water as normal or insignificantly 
elevated and pressure gradients of greater than 
22 cm of water as abnormal, with increasing 
grades of obstruction based on opening pressures 
closest to 35 cm of water. At levels >35 cm of 
water, high-grade obstruction with possible pyelo- 
tubular reflux may occur if an infusion is per- 
formed. In our hands, the routine Whitaker test is a 
combination of a pressure-volume test using one 
(Fig. 1) or two needles or catheters and an ante- 
grade pyelogram using contrast to define the uri- 
nary anatomy and peristaltic function. 

With opening pressures below 25 cm of 
water, our initial rate of contrast infusion is 
6 ml/min over 5 min followed by an infusion 
rate of 10 ml/min if there is no significant eleva- 
tion in pressure. When the opening pressure is 
higher, a more conservative approach is taken 
with infusion rates beginning at 2—4 ml/min 
with a slow increase in rate based on the 
response to 5 min infusion increments. When 
the opening pressure is near 35 cm of water, a 
1:1 exchange of urine for contrast is performed 
to opacify the urinary tract in order to identify 
the site of obstruction without further pressure 


Whitaker test via the Yueh sheath (single-needle tech- 
nique) demonstrates calyceal dilatation and blunting with 
a focal, nonocclusive stenosis at the pyeloplasty site 
(arrow). Pressure measurements were mildly elevated 
post-pyeloplasty with associated pelvicaliectasis 
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elevation. In our view, these small incremental 
volume increases help to define the degree of 
obstruction, with slower pressure rises associ- 
ated with less severe obstruction. 


Procedural Details and Technique 

The technical approach to the Whitaker test may 
vary slightly depending upon operator prefer- 
ences, the presence of a nephrostomy tube, and 
test goals. Our preferred approach is to use a two- 
needle technique, although a single-needle 
approach also works well but can be cumbersome 
due to the frequent need to switch from infusion to 
pressure measurement (Fig. 2). Although a variety 
of needles or small catheters can be used, we pre- 
fer to use the 5-French Yueh Centesis Disposable 
Catheter Needle (Cook Medical, Bloomington, 
IN, USA) since they deliver a sheath that works 
well for both infusion and pressure measurement 
functions. When two needles or catheters are used, 
the infusion and pressure measurements are done 
continuously. The pressure monitoring can be 
accomplished with a manometer or electronic 
pressure-measuring device. If a single needle is 
used, a three-way stopcock is required, and pres- 
sure is measured immediately after a volume infu- 


Fig. 2 Teenage girl with a dilated right renal pelvis and 
equivocal Lasix renogram after a dismembered pyelo- 
plasty. Whitaker test performed using a two-needle tech- 
nique demonstrating an enlarged renal pelvis due to 
persistent UPJ obstruction 
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sion has been completed. The infusate is a nonionic 
contrast to allow for simultaneous infusion and to 
visualize the urinary tract anatomy and peristalsis 
under fluoroscopy. 

We have found this test to be useful in confi- 
dently identifying whether there is an element of 
obstruction to the dilated urinary tract when there 
is an equivocal nuclear renogram or when there 
are symptoms of uncertain significance or 
etiology. 


Take Away 

The Whitaker test is used infrequently; how- 
ever, in cases that are indeterminate by 
nuclear imaging, it is a valuable tool to dem- 
onstrate the presence of partial or complete 
obstruction. Also, it may help decide 
whether or not to insert a drainage catheter. 


2.2 Percutaneous Nephrostomy 
Nephrostomy insertion is the building block for 
most urinary tract interventions. The percutane- 
ous nephrostomy technique was first described 
for the treatment of hydronephrosis (Goodwin 
et al. 1955). About 20 years later, the first percu- 
taneous stone removal was performed 
(Fernstrom and Johanasson 1976). Endourologic 
technology was further extended when electro- 
surgical instruments were safely used. These 
developments, combined with new interven- 
tional and endoscopic equipment, have led to 
the development of complex endourologic tech- 
niques. These advances have led to better patient 
care and a closer working relationship among 
the nephrologist, urologist, pediatric surgeon, 
transplant surgeon, and pediatric interventional- 
ist. In many instances, these collaborations have 
led to a reduced need for open surgical 
procedures. 

Percutaneous nephrostomy has been success- 
ful in over 97% of pediatric patients ranging in 
age from 1 day to 18 years (Irving et al. 1987; 
Winfield et al. 1984; Lipuma et al. 1984). These 
results compare favorably with surgical manage- 
ment (Gonzalez-Serva et al. 1977). 


Fig. 3 4-year-old male with fever and abdominal pain. 
(a) Coronal contrast-enhanced CT demonstrates left 
pyelonephritis with a delayed left nephrogram and a 
dilated renal pelvis secondary to a proximal ureteral cal- 
culus (not shown). The Hounsfield units suggest complex 
fluid. (b) Gray-scale ultrasound demonstrates increased 


The most common indications for percutane- 
ous nephrostomy are for relief of symptomatic 
urinary tract obstruction (Fig. 3) and pyonephro- 
sis (Man et al. 1983; Pode et al. 1982). In a series 
of 50 percutaneous nephrostomies in the pediat- 
ric population reported by Stanley and colleagues 
(1983), the most frequent causes of obstruction 
were ureteropelvic junction (UPJ) narrowing and 
obstruction after ureteral reimplantation. 

The benefits of percutaneous nephrostomy 
are related to the ease of placement under seda- 
tion and to the rapid relief of obstruction and 
improved renal function. Infected and obstructed 
systems can be drained, and fever management 
becomes possible (Gonzalez-Serva et al. 1977). 
Other indications for percutaneous nephros- 
tomy include assessment of renal function, 
demonstration of pathologic anatomy, and dif- 
ferentiation between obstructed and nonob- 
structed dilated systems using a Whitaker 
perfusion test (Whitaker 1981). 

Percutaneous nephrostomy can be utilized as 
a temporizing measure prior to definitive therapy 
of underlying obstruction (Fig. 4). Percutaneous 
decompression of the obstruction allows time for 
improvement in renal function, treatment of uri- 
nary sepsis, and for a more accurate assessment 
of the urinary collecting system. Children with 
postoperative ureteral edema, leakage, or obstruc- 
tion from extrinsic compression may benefit from 
percutaneous nephrostomy. 
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echogenicity of the renal pelvis, consistent with protein- 
aceous fluid. (c) Nephrostomy tube placement with 
decompression of the renal pelvis and mild residual blunt- 
ing of calyces. Aspiration yielded cloudy, debris- 
containing urine. Cultures came back positive for 
Klebsiella pneumonia 


with bilateral 


Fig. 4 Neonate UPJ obstructions. 
Fluoroscopic image demonstrates marked dilatation of 
both pelvises with 5-French nephrostomy tubes placed 


In rare instances, obstruction caused by a fun- 
gus ball may be treated with a combination of 
percutaneous nephrostomy and infusion of 
amphotericin (Fig. 5) (Matsumoto et al. 1990). In 
asymptomatic children with hydronephrosis, 
antegrade pyelography and pressure measure- 
ment (Whitaker test) may be performed prior to 
surgical or endourologic correction to document 
the level and nature of the obstruction. Finally, 
percutaneous nephrostomy may be the initial 
procedure required to gain access prior to other 
endourologic procedures. Examples of these 
include percutaneous stone removal and percuta- 
neous endopyelotomy. 
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Fig.5 (a) Neonate with 
complicated course developed 
UPJ obstruction secondary to a 
fungus ball (arrow). (b) 
Nephrostomy drainage 
(5-French system) and 
amphotericin infusion showed 
partial resolution in 2 weeks. 
Eventually the obstruction 
resolved (not shown) 


Contraindications to percutaneous nephros- 
tomy are uncommon and include an uncorrectable 
coagulopathy and an unfavorable anatomy, mak- 
ing percutaneous access impossible or 
dangerous. 


Procedural Details and Technique/Technical 
Remarks 

Properly sized equipment is essential to safely per- 
form percutaneous nephrostomy in children. 
Equipment routinely used in adults may be inef- 
fective or dangerous, especially in the perinate and 
young infant. For example, the Cope introducer 
system (Cook Inc., Bloomington, IN), which facil- 
itates exchanging a 0.035-in. or 0.038-in. guide- 
wire for a 0.018-in. guidewire after puncture of the 
renal pelvis with a 22-gauge Chiba needle, is prob- 
lematic in small infants. While this system works 
well in older children, its side port design (through 
which the 0.035-in. or 0.038-in. guidewire will 
exit) will often lie outside the renal pelvis making 
guidewire exchange difficult or impossible. Also, 
if the sheath is advanced, it likely will kink at the 
side port, again making a guidewire exchange 
problematic. Thus, it is preferable to use an end- 
hole coaxial dilator, such as the coaxial dilator sys- 
tem, the Micropuncture set (Cook Inc.), or a 
sheathed needle to insert a 0.035-in. or 0.038-in. 
guidewire into a small renal pelvis. 

It is important to carefully consider the guide- 
wire selection. Standard and stiff guidewires are 
of value in both older children and adults. In peri- 
nates and small infants, a standard 0.035-in. or 
0.038-in. guidewire may injure or lacerate the 
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thin renal parenchyma. In the perinate, the thin 
skin, minimal paraspinal musculature, and short 
distance from the flank to the renal pelvis offer 
little resistance to track dilation. The only barrier 
to catheter insertion is the renal capsule, which 
may be surprisingly tough. Thus, a guidewire that 
does not kink, such as a 0.018-in. angled nitinol 
glidewire, is useful. If a 0.018-in. mandril guide- 
wire is used, one must be careful that the floppy 
tip does not kink, making wire withdrawal diffi- 
cult. If one attempts to pull the guidewire back 
into the Chiba needle, the floppy tip may shear 
off. If a kink occurs, it might be necessary to 
remove the entire system and repuncture the 
renal pelvis. Because of these issues, the mandril 
guidewire is now rarely used. Regardless of the 
guidewire selected, it is important to maintain a 
straight catheter-guidewire course during tube 
placement to avoid buckling in the retroperito- 
neal soft tissues. 

For insertion of standard drains (>8 French), a 
variety of guidewires perform well, including the 
Newton, angled glidewire, Rosen, and Amplatz 
guidewires. In patients who are muscular, obese, 
or those in whom catheter insertion is difficult, a 
stiff guidewire such as a stiff glidewire, Amplatz, 
and Rosen provides greater stability and facili- 
tates passage of the nephrostomy catheter. 

Selection of the nephrostomy catheter depends 
upon the age and size of the patient, as well as the 
anticipated contents of the collecting system. The 
choice of catheter is usually determined by physi- 
cian preference. In perinates and small children, 
smaller catheters are used, specifically a 5- or 
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6-French pigtail catheter with a small distal loop 
(1 cm). The drain side ports are positioned along 
the inner curve of the pigtail catheter, which pre- 
vents catheter occlusion resulting from contact 
with the wall of the renal pelvis. The operator can 
be confident that all drainage holes are satisfacto- 
rily positioned within the renal pelvis once the 
catheter reforms (Fig. 6). 

Image guidance for percutaneous nephros- 
tomy usually consists of a combination of fluo- 
roscopy and ultrasound, although either modality 
can be used alone. The use of ultrasound obviates 
the need for opacification of the collecting sys- 
tem in most instances and is especially useful in 
patients with impaired renal function or contrast 
allergy. In the pediatric population, CT is rarely 
necessary for guidance and is only considered for 
children with unusual renal anatomy or when 
other guidance methods have failed. Patients with 
severe hydronephrosis may not require imaging 
guidance for puncture of the renal pelvis. 

Local anesthetic and intravenous sedation or 
anesthesia are used in almost all cases for place- 
ment of a nephrostomy catheter. The patient is 
placed either in a prone or prone-oblique posi- 
tion. An entry site is selected on the flank using 
anatomic landmarks alone or with imaging. With 
ultrasound, an entry site is selected beneath the 
costal margin approximately along the mid- 


Fig.6 (a) Modified 5-French 
neonatal nephrostomy drain. (b) 
Comparison of a 5-French (arrow) 
and standard 8-French (arrowhead) 
nephrostomy drains. Note side 
holes positioned along the inner 
curvature of the pigtails. (c) 
6.3-French Dawson-Muller locking 
pigtail drainage catheter 
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scapular line. The puncture site selected should 
allow for puncture into a posterior middle or 
lower pole calyx. If a percutaneous surgical pro- 
cedure is planned, it is usually best to enter the 
renal pelvis via a middle pole calyx. However, 
the best entry site depends on the procedure to be 
performed. 

The skin is prepared and draped in sterile 
fashion, and local anesthesia is injected into the 
skin and deep soft tissues along the planned nee- 
dle course, using a 30-gauge needle when proce- 
dural sedation is being utilized. One percent 
buffered 1% lidocaine minimizes discomfort. 
Inadequate local anesthesia may result in pain 
that will awaken the sedated child and make the 
procedure more difficult and time-consuming. A 
skin incision is then made with a no. 11 scalpel 
blade and enlarged with blunt dissection. 

Puncture of the renal parenchyma and into the 
calyx is made with a Chiba needle or a 19-gauge 
sheathed needle. A posterolateral approach 
angling the needle toward the costovertebral junc- 
tion is used. Direct puncture of the renal pelvis is 
avoided to minimize the chance of injury to the 
posterior branch of the renal artery. In addition, 
the renal pelvis lacks supporting parenchyma to 
provide tamponade against bleeding or urine leak- 
age or premature catheter loss. After the kidney is 
punctured and a guidewire coiled within the renal 
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pelvis, the track may be dilated up to 2 French 
larger than the nephrostomy catheter to ease inser- 
tion of the drain. Overdilation is especially help- 
ful in some perinates because of the resistant renal 
capsule and relative mobility of the kidney. 

In patients with renal transplants, the approach 
to percutaneous nephrostomy depends upon the 
surgical anatomy. Renal transplants may be 
placed intraperitoneal or extraperitoneal, typi- 
cally in the iliac fossa. An intraperitoneal 
approach is more common in smaller children; 
however, approaches vary by institution. Given 
the location of the renal allograft, the renal pelvis 
usually faces medially or posteromedially. As a 
result, an anterolateral approach is usually best 
for nephrostomy tube placement. Real-time 
ultrasound is used to guide needle puncture to 
avoid inadvertent injury to the bowel. CT guid- 
ance is rarely utilized for nephrostomy tube 
placement in transplants. 

Major complications resulting from insertion 
of a percutaneous nephrostomy are unusual in 
children. Initially, percutaneous nephrostomy 
was considered less applicable to the pediatric 
population because of the need for general anes- 
thesia. However, improvements in sedation tech- 
niques, monitoring equipment, catheters, and the 
widespread use of ultrasound for needle puncture 
guidance have helped percutaneous nephrostomy 
become a safe and effective procedure in the 
pediatric population (Ball et al. 1986; Pfister 
et al. 1981). 

The two most serious complications of percu- 
taneous nephrostomy are sepsis and bleeding. 
Overdistension of the collecting system at the 
time of catheter placement is likely the most sig- 
nificant factor leading to bacteremia. 
Decompressing the renal pelvis prior to perform- 
ing an antegrade nephrostogram, especially in 
patients with pyonephrosis, is important to mini- 
mize this problem. For this reason, it is preferable 
to delay a diagnostic antegrade nephrostogram 
for 24-72 h to allow for decompression of the 
obstructed system and sterilization of urine. 
Patients with suspected or documented pyone- 
phrosis require antibiotic coverage before and 
after the procedure. 
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Transient mild hematuria is common after 
percutaneous nephrostomy and usually clears 
within 48 h. This can be expected and should not 
be considered a complication. Severe bleeding at 
the time of catheter insertion or later is unusual 
and may indicate vascular injury, a clotting disor- 
der, or an unsuspected vascular malformation. 
Occasionally blood clots will cause catheter 
obstruction. If significant bleeding occurs, arteri- 
ography may be required to establish the site and 
etiology of bleeding, e.g., vessel laceration, pseu- 
doaneurysm, or arteriovenous fistula (Pode et al. 
1982; Stanley and Diament 1986; Cope and Zeit 
1982; Boddy et al. 1987). If a vascular injury is 
identified, it can be treated by selective emboliza- 
tion. The risk of vascular injury is reduced by 
using a posterolateral approach for renal pelvic 
access. Also, arterial injury and severe bleeding 
are minimized by parenchymal tamponade. 

Nephrostomy-related urinoma formation has 
been reported in the pediatric population. This 
complication is more likely when the renal paren- 
chyma is thin, as in children with severe vesicoure- 
teral reflux, or when the free wall of the renal pelvis 
is punctured. If the urinoma is large or becomes 
infected, percutaneous drainage may be required 
(Gonzalez-Serva et al. 1977). While a small amount 
of urine leakage around the nephrostomy catheter 
can be considered normal, excessive leakage is 
usually due to catheter obstruction, especially in 
patients with pyonephrosis or excessive bleeding. 

With the use of ultrasound for guidance, mis- 
adventures due to needle malposition are unusual. 
Pneumothorax is now rarely reported as puncture 
above the 12th rib is usually avoided. 


Take Away 

Nephrostomy tube insertion is the building 
block for a variety of interventions involv- 
ing the urinary tract. Nephrostomy tube 
insertion is highly successful for treating 
urinary tract obstruction and pyonephrosis. 
Properly sized equipment is necessary for 
safe and effective treatment of urinary tract 
abnormalities. 
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2.3 Nephrostomy Track Dilatation 
This simple technique enlarges a nephrostomy 
track so that larger equipment can be safety 
inserted into the renal pelvis or distal urinary 
tract for the purpose of an endourological 
procedure. 

Dilatation of a nephrostomy track facilitates 
insertion of a stent or angioplasty balloon cathe- 
ter and provides a bridging technique for endou- 
rological procedures that require larger diameter 
devices. In the latter case, large diameter sheaths 
(12-24 French) or balloon dilatation is needed 
for track enlargement. The contraindications for 
track dilatation are the same as those discussed 
for nephrostomy insertion. It is important to 
keep the child’s size in mind when choosing the 
diameter of the sheath to be left in place. In gen- 
eral, the recommended sheath size is 2 French 
larger than the diameter of the largest instrument 
to be used. Overdilatation of a track can lead to 
renal injury. 

Once access to the renal pelvis is achieved, 
either by direct puncture or via an indwelling 
nephrostomy catheter, a non-kinkable guidewire 
is inserted and coiled within the renal pelvis or 
directed into the ureter or bladder. The track is 
then serially dilated to the predetermined diame- 
ter by upsizing the dilators at 2-4-French incre- 
ments. Alternatively, an angioplasty balloon can 
be used for track dilatation. After track dilatation, 
a sheath is positioned in the renal pelvis. If endos- 
copy is to be used, a Rutner adapter (Cook Inc.) 
is fitted into the sheath to make a watertight con- 
nection. In many cases, the sheath needs to be 
shortened by cutting it with scissors. The shorter 
sheath is easier to work with and better adapted 
for the pediatric endoscope. 


Take Away 

Nephrostomy tract dilatation is a procedure 
that translates a simple drainage entry pro- 
cedure into percutaneous surgery and/or 
allows the introduction of stents or other 
devices. 


R. Towbin et al. 


2.4 Endourologic Techniques 
Endourology is defined as minimally invasive 
surgical therapy involving the urinary tract. 
Percutaneous access to the renal collecting sys- 
tem is frequently required for these procedures 
and is via a puncture identical to that used in 
placement of percutaneous nephrostomy tubes. 
Sequential dilatation of the track allows for 
placement of an introducer sheath, which then 
allows for the endourologic treatment of a variety 
of conditions. Endourologic procedures include 
ureteral dilatation, ureteral stenting, calculus 
removal (percutaneous nephrolithotomy), and 
endopyelotomy (percutaneous pyeloplasty). Pre- 
procedure discussion between the interventional- 
ist and urologist should include which calyx to 
traverse for access (upper, mid, or lower pole) 
and goals of the interventional component of the 
procedure. 
2.4.1 Ureteral Dilatation 
and Stenting 
Dilation of the ureter was initially reported by 
Dourmashkin in 1926. It was not until the 
development of the percutaneous angioplasty 
balloon catheter that equipment effective for 
percutaneous dilatation became readily avail- 
able. Subsequent research with animal models 
confirmed that ureteral strictures could be 
treated using a percutaneous approach (Barbaric 
et al. 1977). Percutaneous endourologic treat- 
ment of calculi and ureteropelvic junction stric- 
tures was initially described in adults and 
subsequently in children (Gedroyc et al. 1989; 
Kadir et al. 1982; Lee et al. 1988; Towbin et al. 
1987). Since its introduction, ureteral stenting 
has become a well-established procedure for 
the management of ureteral obstruction of vary- 
ing etiologies. As a result of continual improve- 
ments in technique and equipment, the 
percutaneous approach is currently utilized 
both as a primary therapy and as an adjunct to 
open and endourologic surgery. 

Although permanent metallic stents are 
widely utilized in adults for treatment of malig- 
nant obstruction, they are not routinely used in 
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the pediatric urinary tract. In almost all cases, 
temporary internal (double J) (Fig. 7) ureteral or 
internal-external nephroureterostomy stents 
(universal stent) (Fig. 8) are preferred to treat 
strictures in children. 

Stents may be placed either antegrade via a 
nephrostomy track or retrograde through the blad- 
der using cystoscopy. Advantages of the antegrade 


Fig. 7 13-month-old male 
with history of bilateral 
vesicoureteral reflux status 
post-ureteral implantation 
now presents with 
hydronephrosis suspicious 
for bilateral UVJ 
obstruction. (a) 
Nephrostomy tube placed 
on postoperative day no. 4 
for immediate 
decompression. (b) Double 
J ureteral stents placed on 
postoperative day no. 6 


approach include the ability to perform other ante- 
grade diagnostic procedures of the urinary tract, 
including antegrade pyelography and Whitaker 
perfusion testing, to identify the genitourinary 
tract anatomy and to assess for obstruction. A 
combined approach involving both the interven- 
tionalist and urologist may be valuable in children 
with an ileal loop who have an ileoureteral anasto- 


Fig.8 (a) A 19-year-old patient with a UVJ obstruction and secondary hydronephrosis and hydroureter. (b) A coned-down 
view of the UVJ confirms the site of obstruction (arrow). (c) Treatment with a universal drain was effective 
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motic stricture or those with a pelvi-ureteric junc- 
tion (PUJ) obstruction (PUJO) needing an 
endopyelotomy or to treat stone disease. 

Percutaneous management of an isolated ure- 
teral stricture is often effective. Ureteral narrow- 
ing may result from intraluminal or extrinsic 
obstruction, including following ureteral reim- 
plantation or urinary diversion. The likelihood of 
successful dilatation of a stricture will depend 
upon the cause, length, and duration of the stric- 
ture. In the presence of impaired blood supply to 
the ureter, a successful result is uncertain, but 
strictures present for less than 3 months and post- 
operative strictures generally respond well to bal- 
loon dilatation. The location of a ureteral stricture 
does not appear to be of prognostic importance in 
predicting its response to balloon dilatation. 
However, for successful percutaneous therapy, 
one must be able to cross the stricture with a 
guidewire and catheter or other instruments. 

Indications for ureteral stenting include relief 
of a ureteral obstruction from any cause, provid- 
ing drainage while a ureteral injury heals, main- 
taining ureteral caliber until edema or mass effect 
subsides, stone removal, or surgery. Antegrade 
ureteral stent placement may be performed as the 
initial treatment or after failure of the endoscopic 
approach due to unfavorable anatomy. 

Stent insertion should be avoided or delayed in 
the presence of significant hemorrhage or urinary 
tract infection. An indwelling ureteral stent can 
become the nidus for infection and may be 
obstructed by purulent material or blood clot. In 
patients with a ureteral fistula and a nondilated 
upper collecting system, retrograde stent insertion is 
the preferred route because of the ease of insertion. 


Procedural Details and Technique 

Many interventionalists prefer to perform ureteral 
dilatation and stent insertion under general anes- 
thesia. However, a successful outcome can also be 
achieved with procedural sedation. A Foley cathe- 
ter is inserted into the bladder once the child is 
asleep. The child is usually in the prone or prone- 
oblique position to allow optimal access to the col- 
lecting system and is secured to the tabletop with 
Velcro straps. The skin entry site is selected so that 
the puncture is cephalad to the PUJ, frequently the 
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mid pole calyx, which allows for more direct 
access to the PUJ and facilitates stent insertion. 
The intercostal approach is avoided to make track 
dilatation and catheter insertion easier and to mini- 
mize the chance of hydrothorax and other thoracic 
complications. 

After access to the renal pelvis is achieved, a 
guidewire is coiled within the renal pelvis or 
maneuvered into the ureter. The track is then pro- 
gressively dilated to accommodate a peel-away 
or hemostasis sheath that is 2 French larger than 
the stent. Ultimately, a stiff guidewire (stiff- 
angled glidewire, Rosen, Roadrunner, Amplatz, 
etc.) is helpful to avoid buckling and/or telescop- 
ing of the stent as it is positioned across the stric- 
ture. A directional catheter (JB-1) and guidewire 
system are used to catheterize the ureter. Once 
the guidewire and catheter are within the proxi- 
mal ureter, contrast is injected, and the location 
and extent of the stricture are identified. The 
length and diameter of the stricture are measured 
and the appropriate balloon is selected. The 
directional catheter and guidewire are then 
maneuvered through the ureter, and the guide- 
wire is looped in the bladder. 

Strictures that are difficult to pass often require 
patience and various technical manipulations to 
cross. Opacification of the ureter can simplify the 
task of crossing a tight stricture. After the stricture 
is identified, a radiopaque marker or hemostat is 
attached to the drape at the level of the stricture to 
aid in crossing and dilatation of the stricture. 
Contrast is injected into the ureter and the patho- 
logic anatomy is documented with a road map or 
digital image. The guidewire and directional cath- 
eter are manipulated until the guidewire and cath- 
eter are across the stricture. If necessary, a 0.018-in. 
guidewire can be substituted for the larger guide- 
wire to initially cross the stricture. Once the cath- 
eter is within the bladder, the guidewire is 
exchanged for a stiff or superstiff guidewire. 

Treatment of strictures may be carried out 
with a variety of balloons. Initially, the diameter 
and length of the stricture are measured. The per- 
cutaneous transluminal angioplasty (PTA) bal- 
loon selected is at least 1 cm longer than the 
stricture and equal to or slightly wider (1-2 mm) 
than the expected normal ureteral diameter as 
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measured distal to the stricture. In all cases, the 
balloon with the highest burst pressure is selected. 
Under fluoroscopic visualization, the balloon is 
centered across the stricture and inflated with 
dilute contrast while balloon pressure is moni- 
tored with a gauge. Balloon inflation progresses 
until the stricture waist disappears, visualized 
fluoroscopically. If the stricture persists, the pro- 
cess may be repeated with a cutting angioplasty 
balloon or Acucise device (Applied Medical Inc., 
Rancho Santa Margarita, CA). If the post- 
dilatation ureterogram still shows obstruction 
without significant change in the stricture diam- 
eter, surgery may be required. 

After dilatation of a stricture has been com- 
pleted, placement of a stent is needed to maintain 
the enlarged lumen. Stent selection depends upon 
a number of factors, including personal prefer- 
ence, available equipment, and the duration of 
the stenting. Each stent type has its advantages 
and disadvantages. Internal double J stents have a 
higher patient satisfaction rate because they are 
not visible, are less apt to be inadvertently pulled 
out, require no maintenance, and have a lower 
infection rate. They also have a number of disad- 
vantages in that they are more difficult to insert, 
are only available in specific sizes that must be 
stocked, are more difficult to remove, and gross 
hematuria and infection limit their use. The 
internal-external (universal) stent is more flexi- 
ble, easier to tailor to length, and easier to remove. 
Removal of the drain is performed on an outpa- 
tient basis without sedation or anesthesia in most 
instances. In spite of its disadvantages, the inter- 
nal double J stent is usually preferred since it has 
greater stability and easier postprocedural care. 

Placement of an internal stent is performed 
under fluoroscopic guidance. Prior to beginning 
ureteral stent placement, a second (safety) guide- 
wire is inserted through the sheath and coiled in 
the renal pelvis. This guidewire is then secured to 
the drape with a hemostat and covered with a 
sterile towel. After a stiff guidewire has been 
maneuvered into the bladder, a 5-French catheter 
is positioned over the guidewire with the tip just 
distal to the ureterovesical junction (UVJ). The 
length of the ureter is measured so that the proper 
stent length can be selected. A catheter or guide- 
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wire (bent guidewire technique) can be used as a 
measurement tool to obtain the ureteral length. 
Ureteral length is determined by positioning the 
tip of the catheter or guidewire at a point just dis- 
tal to the UVJ, under fluoroscopic guidance. The 
catheter is marked with a Steri-Strip or marker, or 
the guidewire is then bent at the sheath hub. 
Alternatively, a hemostat may be clipped to the 
guidewire at this point and left in position. Next, 
the catheter or guidewire is pulled back so that 
the tip is at the PUJ, and again the catheter is 
marked or the wire bent or clipped with a hemo- 
stat at the level of the sheath hub. The distance 
between the catheter marks or the wire bends or 
hemostats is the length of the ureter, which deter- 
mines the internal stent length. Depending on the 
age and height of the child, stent length usually 
varies between 8 and 24 cm. Alternatively, the 
proper double J ureteral stent length in children 
can be determined by adding ten to the patient’s 
age in years (Palmer and Palmer 2007). 

If there is not a string attached to the ureteral 
stent when manufactured, a suture is inserted 
through the proximal end-hole and used as a 
safety to pull the stent back into the renal pelvis 
if inadvertently advanced beyond the renal pel- 
vis. The stent is then fed over the guidewire and 
pushed through the peel-away sheath into the 
renal pelvis and ureter. To maneuver the stent, a 
stent positioner is advanced over the guidewire 
and used to push the stent into its final position, 
with the distal loop in the bladder and proximal 
loop in the renal pelvis. Stent positioning is inter- 
mittently monitored under fluoroscopy. In order 
to complete the procedure, the guidewire must be 
removed. This step is crucial to the success of the 
procedure and although technically easy, often 
leads to problems. Once the stent is in satisfac- 
tory position, the positioner is kept abutted to the 
stent and counterpressure applied while the wire 
is slowly withdrawn to form the distal bladder 
loop. The stent can be repositioned at this point 
by readvancing the wire or pulling back on the 
string, as needed. Again, the stent is maintained 
in a satisfactory position by applying counter- 
pressure with the positioner as the guidewire is 
slowly removed to form the proximal loop in the 
renal pelvis. If the proximal loop of the stent is 
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too distal, it may be pulled back into the pelvis 
with retraction on the tether, under fluoroscopy, 
prior to removal of the string. If a safety guide- 
wire is in position, the guidewire traversing the 
stent can be completely removed. If not, the 
guidewire is withdrawn until it exits the stent, but 
is still within the renal pelvis. At this point the 
guidewire is advanced and coiled in the renal pel- 
vis to assist placement of the nephrostomy cath- 
eter. If this maneuver fails, the renal pelvis can be 
re-catheterized via the peel-away sheath. 

Next, a nephrostomy catheter is inserted and 
secured to the skin. The nephrostomy catheter 
should be equal to the diameter of the track to pre- 
vent leakage of urine. The nephrostomy tube may be 
left in place as long as clinically indicated and may 
be capped. If another procedure is necessary, the 
nephrostomy is left in place for access. If no proce- 
dure is planned and no problem has occurred, the 
nephrostomy tube is removed after 24-72 h. Prior to 
removal, a nephrostogram may be performed to con- 
firm satisfactory position and function of the stent. If 
the ureter drains well, the nephrostomy is removed 
and covered with a dry, sterile dressing. The child is 
usually followed clinically, and when the ureteral 
stent is no longer needed, it is removed cystoscopi- 
cally from the bladder. In rare cases, the stent may be 
removed from above after a nephrostomy track has 
been reestablished. 

Regardless of the stent used, duration of stent 
placement will vary according to the underlying 
etiology of the stricture. Short-term placement 
(3-5 days) is required for treatment of ureteral 
edema, while 10-21 days is usually needed after 
ureteral surgery. Longer time periods (6-8 weeks) 
are usually needed to maintain ureteral caliber 
after endopyelotomy, even longer sometimes 
after dilatation of a stenosis. 

In the immediate postprocedural period, care 
centers around recovery of the child from seda- 
tion or general anesthesia, and treatment of com- 
plications. Children awakening from sedation 
have their vital signs monitored and recorded per 
institutional guidelines. In addition to monitoring 
the vital signs, the nephrostomy site and drainage 
are checked for bleeding. If no hematuria is iden- 
tified, the Foley catheter is removed before the 
child awakens. Any complication identified is 
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immediately treated, and the appropriate clinical 
service and referring physician are notified. 

When the child is discharged home, verbal and 
written instructions are provided, including a list 
of the more common delayed complications and 
contact numbers for questions. If necessary, a pre- 
scription is given for antibiotics or analgesics. In 
general, mild analgesics such as acetaminophen, 
ibuprofen, or acetaminophen with codeine are rec- 
ommended. Occasionally, oral Toradol will be pre- 
scribed if significant flank pain is encountered. If 
there is severe pain, it is recommended that the 
child return to the hospital to be reexamined by the 
interventionalist or referring service, since this 
level of discomfort is unexpected. 

Any reported complication resulting from 
nephrostomy insertion such as bleeding, sepsis, 
or urine extravasation secondary to a leak or lac- 
eration, may also be noted after a percutaneous 
surgical procedure. Complications specific to 
percutaneous stricture dilatation include ureteral 
perforation or rupture and intraluminal or submu- 
cosal hematoma. Surprisingly, these problems 
have rarely been reported in adults or children. 
Untoward effects related to stent placement are 
more common, but still unusual in the pediatric 
population (Woodside et al. 1985). Stent occlu- 
sion is probably the most common and occurs 
secondary to encrustation, bleeding, or rarely, 
infection. An encrusted stent is prone to second- 
ary infection, which may lead to sepsis. Therefore, 
it is important to keep the urine dilute and 
infection-free. Stent occlusion can be detected by 
cystography, antegrade pyelography, excretory 
urography, or if present, nephrostomy injection. 
In most instances, cystography is performed: 
stent patency is inferred if vesicoureteral reflux 
occurs. The ideal timing for stent removal or 
replacement remains controversial. Twelve 
weeks is the preferable limit of time that the stent 
is left in situ. With high-risk children, such as 
those with a renal transplant on immune suppres- 
sion, shorter intervals are recommended. 

Stent migration occurs if the stent is not ade- 
quately positioned or if it is not the correct length. 
This problem is avoided by careful technique and 
accurate measurement of ureteral length and selec- 
tion of a stent of appropriate diameter and length. 


Pediatric Genitourinary Intervention 


When stents are too long, bladder irritation may 
occur. If unavoidable, bladder spasms can be 
treated with urinary anesthetics such as Pyridium. 


Take Away 

Ureteral dilatation with stenting is an effec- 
tive method for treating ureteral strictures. 
Either internal or external drainage may be 
effective for treating strictures. Ureteral dila- 
tation and stenting can be safely performed 
under sedation or general anesthesia. 


2.4.2 Percutaneous Nephrolithotomy 
The fundamental techniques of nephrostomy inser- 
tion, track dilatation, and stent insertion have led to 
the development of more sophisticated endouro- 
logic procedures. The initial percutaneous tech- 
nique developed was for removal of renal calculi. 
Within a short time, techniques for treatment of 
ureteropelvic junction and ureteral strictures were 
developed. Today percutaneous nephrolithotomy 
has been replaced in many situations by extracor- 
poreal shock wave lithotripsy (ESWL) and uretero- 
scopic techniques. However, minimally invasive 
management of staghorn calculi, infected lower 
pole calculi, and cystine stones via percutaneous 
nephrolithotomy and lithotripsy is still indicated. 
In industrialized countries, urinary calculi are 
less common in the pediatric population. When 
stones occur, they are often metabolic or infec- 
tious in origin. Prior to the advent of percutane- 
ous nephrostomy and ESWL, surgical procedures 
were required for treatment of recurrent stone 
disease. Current management of renal calculi in 
both adults and children may require a combina- 
tion of techniques. Either alone or in combination 
with ESWL, percutaneous nephrolithotomy and 
ureteroscopy may be helpful for management of 
calculi without surgery. Chemical dissolution of 
calculi is an alternative to surgery in adults, but 
has not been used in the treatment of calculi in 
children. Both ESWL and endoscopic techniques 
have had a profound impact on the management 
of renal calculi and now limit the use of percuta- 
neous techniques. Prior to the availability of 


733 


ESWL, percutaneous techniques were consid- 
ered superior to open surgery because of reduced 
cost, decreased morbidity, and shortened conva- 
lescence and hospital stay. In addition, the pres- 
ence of a nephrostomy track enabled subsequent 
removal of any residual stone fragments. 
Although its role has changed, the need for per- 
cutaneous stone removal persists. 

Indications for calculus removal include pain, 
urinary tract infection, and obstruction. 
Percutaneous nephrolithotomy is preferable for 
patients with large stone volumes such as staghorn 
or branched calculi, which if fragmented, are 
likely to cause obstruction (Shepard et al. 1988). 
Percutaneous evacuation of the stone material, 
combined with fragmentation using ESWL, laser 
energy, or percutaneous ultrasonic lithotripsy 
offers a safe alternative. Renal calculi associated 
with obstruction either at the PUJ or in the ureter 
may be better managed percutaneously. ESWL is 
also precluded when spinal stabilization hardware 
is present, as in children with myelodysplasias, a 
group making up a significant proportion of the 
pediatric renal calculi population. 

Contraindications to percutaneous nephroli- 
thotomy are infrequent, but include a child with 
an uncorrectable coagulopathy. Children with a 
small renal pelvis cause technical problems. 
Renal access may be difficult, and there may be 
insufficient room to maneuver instruments if the 
collecting system is not large enough. Also, in 
small children, the size of the kidneys may make 
dilatation to greater than 10-12 French danger- 
ous for fear of a renal fracture. 


Procedural Details and Technique 
Percutaneous nephrolithotomy is performed under 
fluoroscopic guidance. In most cases, single-plane 
C-arm fluoroscopy is adequate. However, in some 
instances, biplane fluoroscopy is useful. 
Nephrolithotomy requires the establishment of 
a nephrostomy track from 10.5 to 24 French, 
depending on the size of nephroscope used. A pedi- 
atric nephroscope (approximately 10.5 French) is 
used whenever possible to minimize potential com- 
plications. Stone removal can be performed in one 
or two stages. The two-stage approach is establish- 
ment of a track on day one, followed by track 
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enlargement and stone removal at a later date. The 
two-stage approach allows for greater flexibility, 
especially if nephrostomy track creation is difficult. 
A single-stage procedure involves establishment of 
a track and nephrolithotomy procedure under the 
same general anesthesia. This typically requires the 
patient to be transferred from the interventional 
suite to the surgical suite under anesthesia. 

The location and size of the renal calculi are 
initially determined by ultrasound or unenhanced 
low-dose CT (see also Chaps. | and 33). The most 
important factor for successful percutaneous 
nephrolithotomy is appropriate placement of the 
nephrostomy track. A posterolateral puncture of a 
middle calyx is preferred so that a direct route to 
the ureter is obtained and an effective tamponade 
achieved to limit bleeding. However, the target 
calyx depends on the location of the calculus. 

After access to the renal pelvis has been 
achieved, a 0.035-in. or 0.038-in. guidewire is 
advanced into the ureter or preferably to the blad- 
der. The presence of a long, stiff guidewire makes 
later manipulations easier. If the guidewire cannot 
be passed through the PUJ into the ureter, it is ini- 
tially coiled in the renal pelvis or upper pole 
calyx. A directional catheter (JB-1) is used if tra- 
versing the PUJ proves difficult. In some cases, 
retrograde insertion of a guidewire via the bladder 
may be helpful. Prior to track dilatation, a gener- 
ous skin incision is made. Track enlargement is 
accomplished with either progressive dilators or 
an angioplasty balloon of appropriate size. Final 
track size is predetermined by the diameter of the 
endoscope selected. The sheath acts to tamponade 
the fresh track to prevent bleeding, reduce renal 
injury, and maintain access to the renal pelvis for 
insertion of instruments and catheters. 

There are multiple techniques that can be used 
alone or in combination to remove renal calculi. 
Small stones may be removed under direct vision 
or fluoroscopic guidance with a stone basket or for- 
ceps (Fig. 9). Irrigation and aspiration with saline 
may be successful in removing stones or fragments 
smaller than the diameter of the sheath. Occlusion 
balloon catheters inflated in the ureter distal to the 
stone may be helpful in preventing dislodgment 
and passage of fragments into the ureter. Stones 
larger than 1.5 cm usually require fragmentation 
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prior to removal. Calculi can be crushed mechani- 
cally or fragmented by using a laser fiber >200 
micra or with an ultrasonic lithotriptor. 

At the conclusion of the procedure, a plain 
radiograph or CT scan may be obtained to look for 
residual fragments not visible fluoroscopically. 
With a guidewire in place, the sheath is removed, 
and a council catheter (end-hole Foley) or pigtail 
catheter, measuring the same diameter as the track, 
is inserted to provide access to the renal pelvis if 
needed and to provide continued tamponade. At 
48 h, a repeat abdominal radiograph, supple- 
mented by a CT scan if necessary, is obtained to 
look for residual stones or fragments. If no resid- 
ual is found, a nephrostogram is performed to con- 
firm patency of the ureter. If the ureter is normal, 
the nephrostomy tube is clamped for 24—48 h, and 
if no problems occur, the tube is removed. 

The excellent results with nephrolithotomy in 
adults (Ball et al. 1986; Boddy et al. 1987; 
Hulbert et al. 1985) led to its application in chil- 
dren. Although most children were over 5 years 
of age in the reported pediatric series, percutane- 
ous stone removal in younger children has been 
successful (Ball et al. 1986). The percutaneous 
approach has been especially useful in managing 
recurrent renal calculi in children who have had 
multiple open surgical procedures. 

Bleeding and sepsis are the most frequent 
complications of percutaneous nephrolithotomy 
(Lee et al. 1985; LeRoy and Segura 1986). Some 
degree of hematuria occurs in most patients, and 
although it is usually not of clinical significance, 
occasionally a transfusion is needed. Delayed 
bleeding due to a leaking pseudoaneurysm or 
arteriovenous fistula has been reported in adult 
series, but not in children. Infection resulting from 
accessing an infected urinary tract or infected cal- 
culus may also occur. Using antibiotics before the 
procedure, avoiding overdistension of the renal 
pelvis and collecting system, and adequately 
draining the collecting system minimize this risk. 

Perforation of the renal pelvis or ureter may 
occur. These tears usually seal spontaneously 
within 72 h if adequate drainage is provided. 
Renal pelvic and ureteral edema requiring pro- 
longed nephrostomy drainage is uncommon, and 
delayed ureteral or ureteropelvic stricture has not 
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Fig.9 (a) An 8-year-old boy presenting with renal colic 
secondary to a stone obstruction at the right UPJ (white 
circle). (b) Excretory nephroureterogram confirms stone 
position (arrow) and demonstrates moderate hydrone- 
phrosis. (c) After puncture of the middle pole calyx, tract 


been reported in children. A potential complica- 
tion is extravasation of irrigation fluid from the 
percutaneous track producing fluid overload, 
pleural effusion, and retroperitoneal collections. 
A postprocedural chest radiograph is routinely 
obtained when an intercostal approach has been 
used to exclude hydrothorax or even pneumotho- 
rax; increasingly US is used for this purpose. 


Take Away 

Renal stones can be safely and effectively 
removed using percutaneous surgical tech- 
niques. An interventionalist working with 
urologists makes a good team for treatment 
of renal stones. Procedures are usually per- 
formed under general anesthesia. 


2.4.3 Percutaneous Endopyelotomy 
(Percutaneous Pyeloplasty) 

In 1943, Davis described the intubated ureteros- 
tomy for treatment of ureteral and PUJ strictures 
(David 1943). In this procedure the ureter was 
incised from the outside and stented. He showed 
that the ureter would heal and maintain a larger 
diameter, thereby resolving the obstruction. Forty 
years later, the endoscopic counterpart to the Davis 
intubated ureterostomy was described (Wickham 


dilation, and insertion of guidewires and a sheath, the 
stone (arrow) was removed endoscopically. (d) A Council 
tube was inserted at the completion of the procedure for 
drainage and to maintain renal access 


and Kellett 1983; Whitfieid et al. 1983). Using a 
nephroscope, PUJ obstruction was treated by incis- 
ing the stricture under direct vision using a cold 
knife. The work of these pioneers and others pro- 
vided the foundation for developing percutaneous 
surgical treatment of ureteral strictures in children. 
Badlani and Smith (1986) later popularized the 
endopyelotomy technique. Their results and those 
of other investigators compared favorably to those 
achieved by open pyeloplasty. In 1987, Towbin and 
colleagues proved that the percutaneous approach 
could be successfully performed in children with 
congenital PUJ obstruction. Dismembered pyelo- 
plasty remains the mainstay for treating children 
with strictures of the PUJ. However, with the devel- 
opment of percutaneous surgical techniques, per- 
cutaneous endopyelotomy (PE) has become an 
acceptable alternative. PE can be performed as a 
one- or two-step procedure, as is the case for neph- 
rolithotomy; the one-step approach is preferable. 
The indications for an endopyelotomy are 
similar to those for an open surgical procedure. 
Children with congenital or acquired strictures of 
the ureteropelvic junction or ureteral strictures 
elsewhere are candidates for endopyelotomy 
(Fig. 10). Although there are few absolute con- 
traindications to either the percutaneous (ante- 
grade) or endoscopic (retrograde) approach, 
children with long (>2 cm) strictures respond 
poorly to PE and should likely go directly to an 
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open procedure. Very small children may also 
benefit from open surgery. As is true for other 
genitourinary interventions, children with an 
uncorrectable coagulopathy, those who are 
medically unstable, and those with inaccessible 
anatomy are not candidates for percutaneous 
endopyelotomy. 


Procedural Details and Technique 

An endopyelotomy is begun with a guidewire 
inserted into the renal pelvis in retrograde fash- 
ion. Retrograde guidewire placement is often 
easier, especially in patients with an eccentric 
stenosis of the PUJ. If difficulty passing the 
guidewire is encountered, the antegrade approach 
may be utilized. With the antegrade approach, a 
directional catheter and guidewire are used to 
probe until the guidewire is directed past the 
stricture into the bladder. 

The child is positioned prone or prone- 
oblique, and a percutaneous nephrostomy is 
performed. Once renal access has been obtained, 
the track is dilated to the predetermined size. A 
sheath 2 French larger than the diameter of the 
largest instrument to be used is left in place. 
After the stenosis has been crossed with a guide- 
wire, it is retrieved and pulled out of the urethra 
or renal pelvis, depending on the site of inser- 
tion. A hemostat is fastened to the distal end 
(urethral side) so that the guidewire cannot be 
inadvertently removed during the procedure. In 
this circumstance, a second guidewire (safety 
wire) is not necessary. A Rutner valve (Cook 
Inc.) is connected to the sheath so that an endo- 


Fig. 10 (a) A teenage boy with a left UPJ obstruction. 
(b) After achieving access to the renal pelvis and track 
enlargement, a sheath was inserted. (c) Following the 
guidewire with a combination of endoscopy and fluoros- 
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scope can be used without using large volumes 
of water while maintaining a dry field. Using a 
combination of direct vision and fluoroscopy, 
the endoscope is maneuvered to the PUJ, and an 
incision is made with electrocautery (Fig. 10), 
knife blade, laser, or an Acucise cutting balloon 
(Applied Medical Resource Company, Laguna 
Hills, CA), through the posterolateral wall of 
the PUJ. The posterolateral wall is selected for 
the site of incision since this is an unlikely area 
for vessels to course. Regardless of the instru- 
ment used, the incision is made through the full 
thickness of the PUJ until periureteric fat is 
identified. The procedure is completed by inser- 
tion of a 5- or 6-French internal stent and neph- 
rostomy tube (Fig. 10). 

The best results with percutaneous endopy- 
elotomy have been achieved in children with a 
stricture occurring within a few months of an 
injury or surgery. In addition to postoperative 
strictures, congenital PUJ narrowing, strictures 
associated with stones, and those secondary to 
tumors have all been successfully managed with 
percutaneous treatment. Variable results have 
been seen with long segment ureteral strictures. 
Results with balloon dilatation of congenital and 
acquired PUJ strictures have been mixed. 
Percutaneous pyeloplasty has been an effective 
method of treatment in children with congenital 
PUJ strictures and is a good alternative for chil- 
dren who have contraindications to surgery or 
whose family prefers the percutaneous approach. 

Following PE, the child is typically admitted 
overnight to monitor vital signs and assess for and 


copy, the posterolateral UPJ stricture was inserted using 
electrocautery. (d) The UPJ was stented with an internal 
(double J) stent and a nephrostomy inserted 
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treat untoward effects. Most children require analge- 
sia for mild to moderate discomfort. After discharge, 
the child is instructed to resume normal activity as 
tolerated. Two weeks after the percutaneous endopy- 
elotomy, a nephrostogram is performed in interven- 
tional radiology. If there is prompt antegrade flow of 
contrast and there is no extravasation or other com- 
plication, the nephrostomy tube is removed. The 
internal stent is kept in place for 6-8 weeks to allow 
the PUJ incision to heal. The stent is subsequently 
removed cystoscopically. 

The success rate of an endopyelotomy for 
treatment of strictures at the PUJ is about 85 % 
with a range of 57-100 % (Towbin et al. 1987; 
Badlani et al. 1986; Capulicchio et al. 1997; 
Khan et al. 1997; Kavoussi et al. 1993; Motola 
et al. 1993). It appears that a failed endopyelot- 
omy does not jeopardize the success of a subse- 
quently performed open surgical procedure. The 
success rates achieved for endoscopic and percu- 
taneous endopyelotomy are similar (Kavoussi 
et al. 1993; Brooks et al. 1995). 

The complication rate is low with endopy- 
elotomy. The exact rate and type of complica- 
tions depend somewhat upon the technical 
approach selected and the indication for therapy. 
Major complications have been reported and 
include hemorrhage requiring transfusion or 
occasionally embolization, ureteral necrosis, 
and ureteral avulsion. However, minor problems 
occur more frequently (10-23 %) and include 
stent or nephrostomy-related problems. Minor 
complications include stent repositioning, retro- 
peritoneal hematoma, dysuria, flank pain, and 
stenoses in the ureter, UVJ, or urethra. The inci- 
dence and type of complications occurring using 
the Acucise device appear to be similar to the 
other methods. It is important to acknowledge 
that it is possible to lacerate adjacent blood ves- 
sels and cause major hemorrhage. Fortunately, 
vascular injury is uncommon and occurs in less 
than 1% of cases (Gerber and Lyon 1994; 
Bogaert et al. 1996; Figenshau et al. 1996). 
Other possible untoward effects include conges- 
tive heart failure, oliguria, hematuria, intrarenal 
clots, recurrent strictures, and hydrothorax or 
pneumothorax. The latter two problems can 
occur when the pleural space is transgressed at 
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the time of renal access. Therefore, it is impera- 
tive that the operator be aware of the position of 
the posterior costophrenic sulcus. 

Percutaneous endopyelotomy appears to be a 
safe and effective method for the treatment of both 
primary and secondary strictures of the ureter and 
PUJ. Each approach appears to result in a success- 
ful outcome with a low complication rate and good 
long-term patency. Open surgery still remains the 
gold standard for the treatment of either primary or 
secondary PUJ obstruction in most institutions. 
Proponents of endopyelotomy suggest that the 
reduced overall morbidity, decreased postopera- 
tive analgesic requirements, shortened hospital 
stay, and diminished time to return to normal 
activity favor the endourologic approach. 

Minimally invasive diagnostic and therapeutic 
procedures are well suited for the pediatric uri- 
nary tract. It seems that the advantages of the per- 
cutaneous approach may be ideal for treating 
children and are especially cost-effective. Thus, 
one can expect that the interventional approach 
will continue to grow with a broadening of 
indications. 


Take Away 

Percutaneous surgery is best performed 
under general anesthesia. Incision of the 
PUJ can be achieved using a variety of 
methods including a cold knife, electrocau- 
tery, or a laser. Percutaneous endopyelot- 
omy is an acceptable alternative for treating 
congenital PUJ stenosis. Other ureteric 
strictures/stenoses may be approached in a 
similar way. 


2.5 Percutaneous Renal Biopsy 

Prior to 1951, renal biopsies were performed by 
open surgical procedures. The change to a percu- 
taneous biopsy occurred after the publication by 
Iverson and Brun. In the beginning, percutaneous 
biopsies were guided by excretory urography or 
anatomic landmarks (Uppotet al. 2010). Imaging- 
guided renal biopsy began in the early 1960s, and 
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the imaging guidance component has become 
more sophisticated and the standard for renal 
biopsy over time and has led to increased safety 
and accuracy. 

Percutaneous renal biopsy using ultrasound 
(US) guidance can be expected to be successful in 
almost all cases. In our practice, renal biopsy to 
diagnose medical renal diseases or for transplant 
surveillance is the most common indication. 
Technical success in obtaining diagnostic speci- 
mens has occurred in about 99 % of cases. Today, 
the percutaneous approach is the procedure of 
choice for both routine and targeted renal biop- 
sies. Open surgical biopsies are now rarely per- 
formed and are considered when percutaneous 
biopsy fails to provide a diagnosis or if surgical 
resection can be carried out at the time of biopsy. 

The most common indications for renal biopsy 
in the pediatric population include: 


1. Medical renal disease: hematuria, proteinuria, 
renal failure or impending renal failure, and 
renal transplant surveillance (possible rejec- 
tion, BK nephropathy, drug toxicity, and pos- 
sible recurrent disease) (see Chaps. 12, 32, 
and 34) 

2. Mass lesions (see also Chap. 36) 


Although uncommon, absolute and relative 
contraindications to percutaneous renal biopsy 
are present. The absolute contraindications 
include uncorrectable coagulopathy, uncontrolled 
severe hypertension, and, in some cases, a solitary 
kidney. Relative contraindications may include 
azotemia, unfavorable anatomy, acute urinary 
tract infection and pyonephrosis, and morbid obe- 
sity making US guidance challenging. In this lat- 
ter situation, CT guidance may be a solution. 


Procedural Details and Technique 

(See Also Chap. 32) 

To maximize patient safety and technical success 
when performing percutaneous renal biopsy, one 
must take patient preparation seriously. It is our 
preference to obtain a complete blood count, coag- 
ulation profile, INR and pre-procedural US prior 
to the biopsy. The purpose of the pre-procedural 
imaging is to identify an anatomic abnormality 
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such as a pelvic kidney, renal cystic disease, or any 
condition that can alter the technical approach. If 
the hemoglobin is too low (<8 g/dL), platelets are 
less than 50,000/uL, or the PT/aPTT is abnormal, 
the abnormality is corrected by giving the appro- 
priate blood product and correction verified with 
the appropriate follow-up laboratory study. In 
addition, in these situations or when there is con- 
cern for a higher risk of bleeding, e.g., systemic 
lupus erythematosus, a coaxial biopsy technique 
with track embolization using Gelfoam slurry 
through the introducer needle may be utilized. 

All renal biopsies are performed using real- 
time US guidance if possible. In the rare 
instance when real-time US is not helpful, CT 
guidance is substituted. When the goal of the 
procedure is obtaining tissue for medical renal 
disease in native kidneys, an 18-gauge end- 
cutting biopsy needle is utilized, and two to 
three specimens are obtained from the lower 
pole of typically the left kidney (Fig. 11). 
However, when a renal mass is present, a 
16-gauge needle is preferred and a coaxial 
technique is always used. Also, if the mass is 
large, we obtain samples from many quadrants 
of the lesion and try to avoid sampling the cen- 
ter of the lesion because this area most often 
has areas of necrosis. The goal of a mass lesion 
biopsy is to obtain five to ten cores, more if the 
pathologist requires more material. 

Our standard procedure is to perform the biopsy 
under sedation or general anesthesia, although the 
latter is currently more common. Prior to sterile 
preparation, a survey US is performed to examine 
the renal anatomy or the location and size of the 
mass. The preferred needle size and type and 
transport materials are selected depending on the 
preference of the pathology department. The pre- 
ferred US transducer is selected and draped in ster- 
ile fashion. The biopsy is carried out using 
real-time US guidance and the specimens are 
obtained as described above. In our practice, the 
specimens are reviewed by the pathologist to 
ensure that diagnostic tissue is obtained before the 
procedure is considered complete. If needed, addi- 
tional specimens are obtained. If, after pathologic 
review, the specimens are adequate, postproce- 
dural US with Doppler is performed to exclude a 
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Fig. 11 13-year-old female with Henoch-Schonlein pur- 
pura and new onset hematuria. (a) Sagittal grayscale ultra- 
sound along the long axis of the kidney to identify lower 


bleeding complication. If stable, the child is dis- 
charged to the recovery room for observation. 
While in the recovery room, the child’s vital signs 
are continuously monitored, urine output is 
observed, and if there is gross hematuria, a urine 
rack is set up and urine samples (<5 ml) collected 
in a test tube so that the color can be compared to 
prior specimens. This approach makes it easy to 
follow the evolution of the blood loss. If the child 
has gross hematuria and/or pain, a follow-up US is 
performed, and if there is a significant hematoma, 
the child is admitted to the hospital for 24 h obser- 
vation. If bleeding is severe, persists, or is associ- 
ated with a pseudoaneurysm or an arteriovenous 
fistula, renal angiography with potential therapeu- 
tic embolization is considered. In the past the child 
was observed for 23 h or overnight. Today, chil- 
dren are discharged after 4 h of observation if no 
complication has occurred. 

Since 2010, we have performed an increasing 
number of renal biopsies on an outpatient basis. A 
postprocedure CBC is obtained at 4 h. We anticipate 
the hematocrit will fall by three to six points while 
the hemoglobin will drop by less than 2 gm/dL. If 
these criteria are present and the child is asymptom- 
atic, the child is discharged to home. If symptoms 
are present and/or there is a fall in hematocrit or 
hemoglobin beyond this range, the child will be 
assessed. The decision to discharge the child is 
always made in the most conservative manner. We 
also tend to observe patients for a longer period of 


pole cortex for biopsy. (b) 18-gauge biopsy needle tra- 
versing the lower pole calyx (arrow). Core specimens 
revealed IgA nephropathy 


time if they live significant distances from the hospi- 
tal; other places have other routines, often a standard 
follow-up US is performed after 4-6 h or before 
discharge. 


Take Away 

Renal biopsies are performed for a wide 
range of indications. Currently, whenever 
possible, we perform ultrasound-guided 
biopsies on an outpatient basis. If after 4 h 
of observation no complications are identi- 
fied, the child may be discharged to home. 


2.6 Percutaneous Cystostomy 

The creation of suprapubic access to the urinary 
bladder has historically been performed surgically. 
When surgery is performed, a stoma is created 
between the skin and urinary bladder, and a collec- 
tion bag is usually attached directly to the skin 
with adhesive, and urine exits the cystostomy and 
collects in the bag. Although the surgical approach 
is still an option, percutaneous puncture of the 
bladder with insertion of an indwelling catheter is 
now the preferred approach in most cases (Irby 
and Stoller 1993). This approach creates a track 
between the urinary bladder and skin, and urine is 
drained via the catheter into a collection bag. 
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The indications for insertion of a percutane- 
ous suprapubic cystostomy vary and include any 
child that needs a urinary catheter but cannot be 
catheterized via the urethra. The most common 
indications are bladder outlet obstruction and 
perineal/pelvic trauma, e.g., a straddle injury. 


Procedural Details and Technique 

Technically, the insertion of a suprapubic cystos- 
tomy is usually straightforward and can be placed 
using local anesthesia, sedation, or general anes- 
thesia, depending on the situation. Today, US guid- 
ance is utilized to guide needle puncture in most 
cases also to assure a sufficient bladder filling. 
While a midline approach via the linea alba inferior 
to the umbilicus is the classic skin entry site, US 
guidance allows for bladder entry at almost any 
location and helps avoid injury to blood vessels and 
adjacent structures. We prefer to use a 5-French 
Yueh sheathed needle to traverse the bladder using 
US guidance, followed by placement of an angled 
guidewire through the sheath, which is then looped 
in the bladder, visualized under fluoroscopy. 
Subsequently, the track is serially dilated, and an 
8.5-French locking pigtail drainage catheter is 
placed in the bladder over the guidewire. In most 
cases, gravity drainage is all that is needed. 


Take Away 

Percutaneous cystostomy is a simple pro- 
cedure that may have an important role in 
the management of children with poorly 
functioning bladders. Although a midline 
puncture is preferred, ultrasound-guided 
paramedian punctures are also safe and 
effective when needed. 


3 Vascular Interventions 
3.1 Percutaneous Renal 
Angioplasty 


Renovascular hypertension continues to be a 
diagnostic and therapeutic challenge in the pedi- 
atric population (see Chap. 35). Up to 2 % of chil- 
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dren suffer from systemic hypertension, and in as 
many as 20 % of these individuals, the underlying 
pathology involves the renal arteries (Haas et al. 
2002). Treatment of this subgroup of children 
depends largely on the location and underlying 
pathology of the renal artery stenosis (RAS). 
Fortunately, the most common etiology of main 
or branch renal artery stenosis in children is 
fibromuscular dysplasia (FMD), which is ame- 
nable to percutaneous transluminal renal angio- 
plasty (PTRA). PTRA has a high technical and 
clinical success rate. Also, PTRA is currently 
considered the treatment of choice for RAS due 
to FMD (Levy et al. 2000). Renal artery ostial 
and aorto-renal narrowing is often associated 
with syndromes such as neurofibromatosis or 
Williams syndrome or is due to arteritis or mid- 
aortic syndrome (Courtel et al. 1998; Lund et al. 
1984; Booth et al. 2002; Robinson et al. 1991; 
Kurien et al. 1997; Haas et al. 2002; Shroff et al. 
2006; Panayiotopoulos et al. 1996; Daniels 
et al. 1987; Mali et al. 1987; Ellis et al. 1995; 
Arora et al. 1997; Fostera et al. 2000; Cura et al. 
2002; Hughes et al. 2004). These lesions are 
often resistant to percutaneous transluminal 
angioplasty (PTA) and in the past have required 
surgical revascularization when medical therapy 
failed. 

In a prospective study of 35 children with reno- 
vascular hypertension, Tyagi and colleagues (1997) 
found PTRA to have a beneficial effect on blood 
pressure in 93.1% of children. Unfortunately, 
restenosis occurred in 25.8 % of lesions treated per- 
cutaneously. In adults, renal artery stenting is com- 
monplace for lesions not responding to 
PTRA. However, renal artery stenting (Ing et al. 
1995) has been avoided in children whenever pos- 
sible due to technical issues (McLaren and Roebuck 
2003) related to the size of the vessels and concerns 
that stents may limit arterial growth, make subse- 
quent surgical revascularization more complicated, 
and predispose to renal artery thrombosis. 

The equipment necessary to perform a PTRA 
in a child is generally available today and should 
be tailored to the size and weight of the child. 
The first step in a child with hypertension, sus- 
pected of having main or branch renal artery nar- 
rowing, is to do cross-sectional imaging. 
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Although noninvasive imaging cannot defini- 
tively rule out renal artery stenosis, it is impor- 
tant to evaluate the child for nonrenal causes of 
hypertension as well as renal arterial disease. 
Cross-sectional imaging is also valuable for 
planning of an interventional procedure. In our 
practice, renal vein and inferior vena cava renin 
levels are collected to help localize a lesion. 
Renal vein renin sampling is performed just 
prior to the renal angiogram, under the same 
sedation or anesthetic. Next, diagnostic abdomi- 
nal aortography and selective renal angiography 
are performed to define the pathologic anatomy. 
In most children, AP and oblique projections are 
performed to best evaluate the renal vasculature. 
The most common site for stenosis is the main 
renal artery. However, the most challenging area 
for diagnosis is the branch renal arteries. Often 
the angiographer needs to look carefully and 
have a high level of suspicion to find these subtle 
lesions. If necessary, selective injections in a 
variety of obliquities may be required to confirm 
the diagnosis. 


Procedural Details and Technique 

Our approach to the angiographic examination of 
these children is to begin with an abdominal aor- 
togram in frontal projection to evaluate the aorto- 
renal junction and main renal arteries. The 
examination begins with puncture of the right 
common femoral artery. In all children >10 kg, a 
hemostasis sheath is inserted into the artery. The 
sheath must be large enough to accept an angio- 
plasty catheter. Initially, a 3—5-French pigtail 
catheter is inserted and positioned in the aorta 
just cephalad to the origin of the renal arteries, 
and approximately 1.0-1.5 ml/kg of contrast 
agent (maximum 40 mL) is power injected over 
two seconds, and the aortogram images are 
obtained at three frames/s. In selected instances 
(rapid heart rates, high-flow lesions) faster film 
rates (up to six frames/s) are utilized. Next, a 
selective catheter (RIM, C-1, JB-1) is positioned 
in the proximal renal artery. In the anterior 
oblique projection [usually 30°], a selective renal 
angiogram is performed with a contrast injection 
over 2 s using a volume of 0.25-0.5 ml/kg (maxi- 
mum 10 mL). Again images are obtained at a 
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minimum of 3 frames/s. When possible, pressure 
measurements are obtained across the area of 
stenosis. 

If an area of stenosis >50% is identified, the 
child is considered for PTRA after consultation 
with the nephrologist. In preparation for PTRA, 
the narrowest diameter and length of the stenosis 
are measured as is the diameter of the adjacent 
normal caliber renal artery. We prefer to select 
the angioplasty balloon that most closely approx- 
imates the normal arterial size and will not dilate 
the stenotic artery to greater than 10% more than 
the predicted normal diameter. In addition, the 
balloon selected will generally be the one with 
the highest inflation pressure. Our goal is to dilate 
the artery to the measured level on the initial 
attempt. Before PTRA, the child is heparinized to 
reduce the incidence of renal artery thrombosis 
and renal loss. A successful PTRA is often sig- 
naled by elimination of the “waist” as the balloon 
inflates to size and improvement in the pressure 
measurement across the lesion (Fig. 12). At the 
completion of the angioplasty, a follow-up angio- 
gram is performed to assess outcome and to iden- 
tify complications if present. If there is significant 
improvement in the stenosis post PTRA, no fur- 
ther treatment is performed. If there is significant 
residual stenosis, repeat angioplasty with a larger 
balloon or stenting may be considered. Since 
there may be clinical improvement even in 
children with disappointing visual results, a 
conservative approach is preferred. The proce- 
dure is concluded if the visual result suggests less 
than 50 % narrowing, if there is a reduction in the 
measured gradient across the stenosis, if the col- 
lateral vessels are no longer seen, or if the opera- 
tor is uncomfortable with additional treatment 
(Fig. 13). At the conclusion of the procedure, the 
child is taken to the intensive care unit for obser- 
vation and continuous monitoring of blood pres- 
sure and vital signs. Heparin is continued until 
discharge or converted to oral medications, which 
are continued for several months. 

If, upon clinical follow-up, there is improvement 
in blood pressure, no additional intervention may be 
needed. However, if hypertension persists, repeat US, 
CTA, or MRA can be performed to evaluate renal 
artery anatomy and flow. If further vascular interven- 
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tion is considered, repeat angiography is performed. 
If re-treatment is needed, repeat PTRA or cutting bal- 
loon angioplasty (CBA) may be considered. Stenting 
is less desirable in younger children. 


In 1991, Barath and colleagues ( ) intro- 


duced the cutting balloon, a device consisting 
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of three or four metal blades mounted on the 
surface of the balloon catheter parallel to the 
long axis of the catheter (Fig. 14). Upon infla- 
tion of the balloon, the blades are exposed and 
create radially distributed longitudinal athero- 
tome incisions into the intimal and medial lay- 


Fig. 12 4-year-old girl with severe hypertension that 
failed medical therapy. (a) Selective right renal arteriogra- 
phy demonstrates branch renal artery stenosis (arrows) 
with the presumed diagnosis of fibromuscular dysplasia. 
(b) Using a microangioplasty balloon, the middle pole 
segmental renal artery branch was dilated. However, the 


stenotic lower pole segmental artery could not be accessed 
with an angioplasty balloon. Therefore, segmental embo- 
lization was performed. (c) Postangioplasty resolution of 
middle branch stenosis (arrow) and microcoil emboliza- 
tion of the lower pole branches. Postprocedure, the hyper- 
tension was treated with fewer drugs but not cured 


Fig. 13 7-year-old male with hypertension refractory to 
medical therapy. (a) Ultrasound evaluation of the renal 
arteries was normal. (b, c) CTA of the renal arteries was 
unable to provide definitive diagnosis. (d) Digital subtrac- 
tion angiography of the main right renal artery demon- 
strates focal, high-grade stenosis (arrow) with intrarenal 


collaterals (arrowhead). (e) Pre- and post-stenotic vessel 
measurements for selection of appropriate balloon cathe- 
ter. (f) Postangioplasty image demonstrating almost com- 
plete resolution of the stenosis with only a minimal 
residual waist (arrow) 
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ers of the artery. Unterberg et al. (1993) 
reported the first clinical use of the cutting bal- 
loon for the treatment of a coronary artery ste- 
nosis. Since then, the use of the cutting balloon 
in children has been reported for the treatment 
of peripheral pulmonary artery stenosis 
(Rhodes et al. 2002) and in a small number of 
adolescents and young adults (Haas et al. 2002; 
Lupatteli et al. 2005; Oguzkurt et al. 2005; 
Tanemoto et al. 2005) and in children 
(Caramella et al. 2005; Towbin et al. 2007) 


Fig. 14 Cutting balloon angioplasty. (a) An artistic 
drawing of a cutting balloon blade. (b) Picture of a cutting 
balloon catheter 
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with resistant RAS. This new technology may 
allow for treatment of resistant stenosis, espe- 
cially in children with syndromes and arteriti- 
des that result in renal artery stenoses. In the 
past, these lesions responded poorly to PTRA 
and usually required open surgery. In these 
conditions there is typically aorto-renal or 
proximal renal artery involvement. This pat- 
tern of involvement makes treatment with 
PTRA less effective with a high rate of failure 
(Booth et al. 2002; Ing et al. 1995). In patients 
with syndromic causes, renal artery lesions are 
more often bilateral and are usually localized 
to the ostia of the renal arteries (Ing et al. 
1995). In these children cutting balloon angio- 
plasty is the most effective choice for treat- 
ment of hypertension due to resistant RAS 
(Haas et al. 2002) (Fig. 15). Cutting balloons 
are now available in a wider variety of diame- 
ters and lengths, with a range suitable for treat- 
ment of pediatric lesions. 

The complications associated with the use of 
cutting balloons for the treatment of hypertension 
related to resistant RAS are similar to those 
described for PTRA, including dissection, rup- 
ture, delayed pseudoaneurysm, and renal artery 
thrombosis. The possibility of arterial injury 
should be communicated during the informed 
consent process, and specific surveillance should 
be employed to exclude this complication at the 
conclusion of the CBA procedure. 


Fig. 15 9-year-old male with type 1 neurofibromatosis and 
hypertension (140/100) inadequately controlled by medical 
therapy. Diagnosis of proximal left renal artery stenosis 
(RAS) was suggested by abdominal CT angiography. (a, b) 
Abdominal aortography (a) and coned-down view (b) of the 
left renal artery confirm severe stenosis at the origin of the left 


renal artery (arrow) with associated post-stenotic dilatation. 
(c) Balloon angioplasty was performed without success with 
a residual pressure gradient of 45 mmHg. A cutting balloon 
(Interventional Technologies, San Diego, CA) was utilized 
with follow-up angiography (arrow) showing mild residual 
stenosis with a pressure gradient less than 15 mmHg 
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In the rare instance of arterial rupture with 
associated hemorrhage, balloon tamponade of 
arterial extravasation (Towbin et al. 2007) offers at 
least one salvage strategy that may preserve a suc- 
cessful final outcome. Additional recommenda- 
tions that may increase safety include pre-procedure 
imaging of the arterial wall, such as with intravas- 
cular ultrasound (Lupatteli et al. 2005), to place 
the cutting balloon in the safest position. We agree 
with Tanemoto and colleagues (2005) that it may 
be a safer strategy to limit the cutting balloon 
diameter to no more than the normal vessel diam- 
eter in the incisional phase. Then, if necessary, the 
lumen can be further enlarged with PTRA. 


Take Away 

PTRA has long been an option for the mini- 
mally invasive treatment of children with 
renovascular hypertension. Angioplasty is 
especially effective in children with fibro- 
muscular dysplasia. With the advent of the 
cutting balloon, children with lesions resis- 
tant to traditional angioplasty, such as those 
with syndromes and arteritis, can now be 
considered for interventional therapy, 
though long-term follow-up is still pending. 


3.2 Embolotherapy 
of the Genitourinary System 
3.2.1 Renal Arterial Embolization 


Since the development of renal artery emboli- 
zation in the 1970s, it has become a versatile 
therapeutic and supportive technique for the 
treatment of a variety of conditions affecting 
the kidney in the pediatric population. Prior to 
the development of renal endovascular tech- 
niques, open surgery was the only option to 
improve normal renal parenchymal perfusion 
due to renal arterial anomalies or to decrease 
perfusion to renal masses. Although the open 
surgical approach was effective, it was associ- 
ated with high morbidity and mortality. Today, 
selective renal angiography with embolization 
is the treatment of choice for children with 
renovascular trauma associated with major 
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blood loss and hemodynamic instability, con- 
genital or acquired (iatrogenic) arteriovenous 
fistulas, and arteriovenous malformations and 
for treatment of complications of angiomyoli- 
pomas (Fig. 16) and complications following 
renal transplantation. Although rare, emboliza- 
tion may be an option for small-branch stenosis 
not amenable to angioplasty and as presurgical 
treatment for vascular neoplasms to reduce 
blood loss during surgery. 


Procedural Details and Technique 

Technically the same approach is used for embo- 
lization of the renal artery as would be used for 
any vessel in a child. The choice of sheath with 
hemostasis valve, directional catheter, and 
guidewire depends upon the patient’s weight and 
common femoral artery and target vessel size. In 
general, we try to use a 4-French hemostasis 
sheath for children weighing between 11 and 
30 kg and a 5-French sheath for children over 
30 kg. The most difficult decision is what to 
choose for children <10 kg since in this group, a 
3-French hemostasis sheath is preferred but, for 
the most part, is not available. Therefore, it is 
important to realize that the outer diameter of a 
3-French sheath is about 4.5 French and requires 
a vessel with an inner diameter of at least two 
mm. It is also important to remember that in 
these small children, it is essential to maintain 
temperature control and carefully monitor con- 
trast administered and total fluid volume to avoid 
fluid overload. Additionally, heparin should be 
administered in children <10 kg after accessing 
the common femoral artery. 

After selective catheterization of the target 
vessel with a directional catheter or microcath- 
eter, embolization can be accomplished using a 
variety of materials, depending on the lesion 
type. For example, particles would not be 
appropriate for the treatment of an AV fistula 
because it would result in distant embolization. 
In this situation, coils, Amplatzer plugs, and/or 
tissue adhesives would be a good choice. 
Particles, however, are a good choice for the 
treatment of traumatic bleeds and angiomyoli- 
pomas. In general, the choice of embolic mate- 
rial often depends on the preference of the 
interventionalist. 
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Fig. 16 21-year-old female with tuberous sclerosis and 
right flank pain. (a, b) Pre- and post-contrast abdominal 
CT demonstrates a large, multi-lobulated right renal angi- 
omyolipoma (arrow) with several subcentimeter similar 
left renal masses (arrowheads). (c) Distal right renal digi- 


tal subtraction angiography demonstrates abnormal 


Take Away 

Embolization of renal lesions is uncommon 
in the pediatric population but when neces- 
sary is quite effective. In experienced hands, 
renal embolization can be utilized in children 
of all ages. However, in children less than 10 
kg, special precautions should be taken. 


3.2.2 Priapism 

Priapism can occur at any age and is defined as a 
prolonged involuntary penile erection not caused 
by sexual arousal. The condition may be classi- 
fied as either high flow or low flow depending 
upon the underlying cause. Low-flow priapism is 
more common in childhood and results from 
obstructed outflow from the corpora cavernosa 
with secondary venous stasis, acidosis, and in 
some cases ischemia. When there is ischemia, 


patchy enhancement of the right lower pole angiomyoli- 
poma (arrow). (d) Super-selective angiography of the 
right lower pole arterial branch just prior to embolization 
with 300-500 micron embospheres. (e) Post-embolization 
angiography demonstrates no residual arterial supply to 
the mass 


pain is usually present. The most common etiolo- 
gies include sickle cell anemia, hypercoagulable 
states, leukemia, and medications. Low-flow pri- 
apism should be treated immediately, because 
delayed therapy may result in corporal smooth 
muscle injury with subsequent fibrosis and caver- 
nosal artery thrombosis and occlusion, with 
potential irreversible impotence. 

In contrast, high-flow priapism is usually non- 
painful and results from excessive arterial inflow 
that is secondary to arterial injury with a fistula 
between the artery and corpus cavernosum. The 
typical clinical presentation is an erection with- 
out involvement of the corpus spongiosum 
(glans). There is often a delay in the onset of 
symptoms, typically about 3 days post-injury. In 
childhood, the most common cause of high-flow 
priapism is a straddle injury. 

It is important to differentiate between high- and 
low-flow priapism because the approach to therapy 
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is different. The history and physical examination is 
helpful, but not always accurate. However, the pres- 
ence of pain is an important marker since it strongly 
supports the diagnosis of low-flow priapism. It is 
helpful to obtain a penile US including Doppler and 
a cavernosal blood gas to clarify the diagnosis. In 
children with high-flow priapism, the cavernosal 
blood gas is arterial and bright red, and the blood 
gas levels are as expected for any arterial sample. 
US will reveal hypoechoic cavernosal bodies in the 
acute phase; Doppler evaluation demonstrates nor- 
mal to high blood flow and may identify the fistu- 
lous connection. In the chronic phase, there may be 
a pseudoaneurysm with a hyperechoic rim in a cav- 
ernous body. A common site for a fistula is in the 
region of the distal internal pudendal artery, com- 
mon penile artery, and the cavernosal, dorsal penile, 
and bulbourethral arteries. In low-flow conditions, 
(amplitude coded) color Doppler sonography dem- 
onstrates minimal to absent flow in the cavernosal 
arteries. Additionally, blood aspirated from the cor- 
pus cavernosum is darker in color and usually aci- 
dotic. Also, it may be difficult aspirate blood from 
the corpus cavernosum because it may be clotted. 

Today, the treatment of choice for high-flow 
priapism is selective embolization of the internal 
pudendal artery or a branch feeding the arteriove- 
nous fistula. As per the American Urological 
Association Guideline on the Management of 
Priapism (2003), embolization utilizing absorb- 
able material has a lower rate of erectile dysfunc- 
tion than when compared to embolization with 
permanent materials. Additionally, the rate of 
resolution of nonischemic priapism following 
embolization with absorbable and nonabsorbable 
material is similar. In a small percentage of cases, 
bilateral internal pudendal artery occlusion may 
be necessary. If successful, detumescence can be 
expected over the next several days. 


Procedural Details and Technique 

The technique used begins with ultrasound- 
guided puncture of the common femoral artery 
and insertion of a 4—5-French sheath with 
hemostasis valve. Next, a unilateral or bilateral 
common or internal iliac angiogram is per- 
formed via a directional catheter, to identify 
the site of the AVF. Next, in most cases, the 
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internal pudendal artery is selectively catheter- 
ized and an angiogram is performed. Once the 
vascular pathology is demonstrated, a catheter, 
usually a microcatheter, is superselectively 
positioned in the feeding artery, and the vessel 
is occluded. In our practice, we have success- 
fully utilized both Gelfoam and microcoils for 
embolization. 

The treatment of children with low-flow pria- 
pism should be undertaken as quickly as possible 
and, whenever possible, a urologist should be 
consulted. Treatment is usually stepwise (see the 
American Urological Association Guideline on 
the Management of Priapism; 2003) and begins 
with aspiration of the corpus cavernosum, with or 
without irrigation, and intracavernous injection 
of a sympathomimetic agent. If detumescence 
cannot be achieved, a surgical shunt may be 
needed. Unfortunately, impotence may result in 
at least 50 % of patients. 


Take Away 

Embolotherapy should be considered in 
young males with priapism resistant to 
medical therapy. 


3.2.3 Internal Spermatic Vein 
Embolization for Varicocele 
The most common intervention involving the renal 
venous system is for the treatment of a varicocele. 
Embolization as primary therapy was first pro- 
moted in the 1970s and over the years has increased 
in popularity. Today it is widely accepted as the 
first line of therapy in most practices. A varicocele 
is an abnormal enlargement of the pampiniform 
plexus secondary to gonadal vein insufficiency or 
uncommonly left renal vein compression. In 
almost all instances, the left testis is involved. The 
incidence ranges between 8 and 23 % in boys with 
the primary reason for treatment being testicular 
pain or atrophy since fertility is usually unknown 
at this age (Urbano et al. 2014). 

The technique used for embolization is 
based on selective catheterization of the sper- 
matic vein followed by a gonadal venogram to 
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determine the pathologic anatomy. Historically, 
a wide variety of materials have been utilized 
for vein occlusion including boiling contrast, 
particles, detachable balloons, and absolute 
alcohol. These agents are rarely used today and 
have been replaced by coils with or without a 
sclerosant (sodium tetradecyl or polidocanol 
foam), tissue adhesive, or Amplatzer plugs. It 
is currently our preference to use the “sand- 
wich technique” with Gianturco coils (Cook 
Inc., Bloomington, IN) and sodium tetradecyl 
(Fig. 17). We place the initial coil at the level 
of the inferior sacroiliac (SI) joint followed by 
sclerosant foam. The next coil is deployed at 
the top of the SI joint followed by foam, with 
the final coil placed safely below the renal 
vein or above the highest parallel channel. If 
needed, sclerosant can be injected into a high 
parallel channel after selective catheterization 
with a microcatheter if possible. 

The reported recurrence rate post-varicocele 
embolization is about 12 %, although in our expe- 
rience, recurrence has occurred in less than 5% 
of cases. The risks of embolotherapy include a 
groin hematoma, pain, gonadal vein perforation, 
renal vein thrombosis, and distant embolization. 
Complication rates have been reported to be as 
high as 11%; however, in our experience, it is 
less than 2%. 


Fig.17 15-year-old male with 
left scrotal pain. (a) Road map 
with catheter tip in the caudal 
left gonadal vein 

demonstrates a left varicocele 
(arrow). (b) Post-embolization 
fluoroscopic image 
demonstrates the three levels of 
coil deployment as per the 
“sandwich” technique 
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Take Away 

Spermatic vein embolization has become 
the procedure of choice for the treatment of 
symptomatic varicoceles in young males. It 
is a safe and effective technique with a 
technical success rate of nearly 100%. 


3.2.4 Renal Vein Stenting 
for Nutcracker Phenomenon/ 
Syndrome 

The nutcracker syndrome (NCS) is a clinical presen- 
tation resulting from renal vein compression between 
the abdominal aorta and superior mesenteric artery. 
The condition was first reported in 1950 (El-Sadr 
and Mina 1950). The condition usually presents 
with hematuria with or without abdominal or left 
flank pain. Imaging may demonstrate the presence 
of collateral veins. In the pediatric age range, this 
syndrome most often presents in otherwise healthy 
adolescents (Kurklinsky and Rooke 2010). As a 
result of the somewhat vague symptoms, diagnosis 
is often late and indirect. Radiologic evaluation 
using cross-sectional imaging may be used and is the 
primary tool for diagnosis. Ultrasound with Doppler 
is helpful,and, if NCS is considered, should be the 
first modality utilized (see Chap. 32). When asym- 
metric enlargement of the left renal vein is noted and 
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Fig. 18 17-year-old male with chronic abdominal pain 
secondary to Nutcracker syndrome. (a) Sagittal grayscale 
ultrasound demonstrates a steep course at the origin of the 
superior mesenteric artery (arrow) just below the celiac 


there is a large discrepancy in size between the dis- 
tended and non-distended segments with collateral 
vessels, the diagnosis should be considered. When 
CT or MR is performed, in addition to asymmetric 
renal vein distention and perirenal collaterals, a 3-D 
reconstruction may demonstrate the area of extrinsic 
compression and demonstrate the crossing vessel 
(Fig. 18), though this can usually be demonstrated 
with a meticulous US and Doppler study. 

Treatment of NCS was first reported in 1974 
(Pastershank 1974). In children, the best option 
may be a conservative approach since the long- 
term outcomes of many interventional and surgi- 
cal therapies have not been fully assessed. Also, 
spontaneous remission has been seen in children 
during growth. When more aggressive therapy is 
needed, placement of a stent within the renal vein 
is a consideration since angioplasty alone will not 
be successful in most cases. If a stent is placed, 
anticoagulation is recommended for 2-3 months 
until stent endothelialization occurs. Alternatively, 
some patients have been successfully managed 
with antiplatelet drugs alone. Another therapeutic 
approach for treatment of NCS has been gonadal 
vein embolization to treat the symptoms of pelvic 
congestion or varicocele. This approach may suc- 
cessfully treat the symptoms; however, embolo- 
therapy may be complicated by worsening of left 
renal vein outflow and increased renal vein pres- 
sure, recurrence of pelvic congestion or varico- 
cele, and onset of new renal symptoms. 
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axis (arrowhead). (b) Contrast-enhanced CT demon- 
strates the SMA immediately anterior to the abdominal 
aorta with abnormal dilatation of the proximal, draining 
left renal vein 


Take Away 

Children, usually teenagers, with NCS are 
effectively treated with minimally invasive 
techniques. It is likely that image-guided 
stent placement is the first-line procedure 
for most of these individuals. 


4 Summary 


Minimally invasive techniques are extremely well 
suited for the GU system of children. In order to 
maximize the therapeutic success in this patient 
group, it is important to work closely and collabora- 
tively with urologists, nephrologists, hospitalists, 
and pediatricians. Minimally invasive approaches 
should be the procedures of choice whenever pos- 
sible since they provide the best outcomes at the 
lowest risk and cost in most situations. Over the past 
decade, a greater number of treatment options have 
become available and proven to be safe even when 
performed in an outpatient setting. 
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1 Introduction 


It is not the aim and is beyond the scope of this 
chapter to show and to discuss all issues concern- 
ing treating nephrourological disorders. In many 
aspects, we can refer to other chapters of this 
book. Basically, pediatric radiologists are respon- 
sible for imaging, clinicians (pediatric nephrolo- 
gists, pediatric urologists, general pediatricians, 
etc.) for treatment. This strict separation is valid, 
but somewhat questionable for optimal diagnosis 
and treatment. The task of preserving renal 
parenchyma, to the best of our knowledge, can be 
achieved only by cooperation and an interdisci- 
plinary approach in many situations. The partners 
need to know about each other’s thinking, inten- 
tions, and expectations. Interdisciplinary discus- 
sions with an exchange of knowledge are of 
value. This chapter is dedicated to discussing the 
cooperation between subspecialties and to show- 
ing aspects of the treatment of disorders. The dis- 
cussion will include the dilemma of guidelines in 
general and in the daily routine of single centers. 
Disorders with minimal or no contribution of 
imaging to clinical decisions (e.g., dosage or 
duration of steroid treatment in glomerular 
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disorders) are excluded. Quite a few aspects of 
this clinical management are shown in other 
respective chapters — the overlap with other parts 
of this book is desired as this chapter tries to pro- 
vide a more clinically oriented practical approach. 


2 What Clinicians Should 
Know 


Basically, one could recommend clinicians to 
read this book entirely. Yet this is not realistic as, 
conversely, radiologists will not read a textbook 
of pediatric nephrology as well. Clinicians refer- 
ring a child to imaging procedures — especially 
when working in a center for pediatric nephrol- 
ogy/urology — must have a basic knowledge 
about the imaging procedures, radiation burden, 
the respective potential of specific studies as well 
as their limitations, and the impact of the differ- 
ent investigations. Aside from reviewing the lit- 
erature, personal communication is of importance 
for quick information about trends in imaging, 
changes in the performance of established 
investigations, and indications for new imaging 
procedures. And it is essential for defining a per- 
sonalized imaging and treatment increasingly 
more important in these days. Urinary tract ultra- 
sound (US) is the basic and often single investi- 
gation and frequently guides further imaging. 
However, the level of available US expertise is 
essential and thus the value of US often has to be 
seen with respect to local practice. And in some 
situations high level dedicated pediatric urinary 
tract US is not available 24/7, which also impacts 
on imaging algorithms and their practical usabil- 
ity. Nevertheless it must be stressed that it is also 
our task to make this dedicated high level and 
noninvasive imaging modality available for all 
children at all times when they need it. 

But it is wrong to rely exclusively upon US for 
answering all questions; this would be giving too 
much credit to US. No other imaging technique is 
more investigator-dependent and prone to errors 
and pitfalls if not performed correctly. This 
should be kept in mind as the use of US has par- 
tially shifted to other specialists such as general 
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pediatricians, pediatric urologists, and pediatric 
nephrologists, or to obstetricians in the case of 
fetal imaging. Particularly fetal US is part of the 
daily obstetrical routine. It may be that some spe- 
cial issues of imaging can be discussed with the 
pediatric radiologist. After birth, pediatric radi- 
ologists should know the results of previous 
imaging in order to plan and perform further 
radiological imaging properly. 


3 What Clinicians Expect 
from Imaging 


Clinicians expect the investigations to give clear 
answers to their questions. It would be optimal to 
perform just one or two investigations — as mini- 
mally invasively as possible — to know all about 
the patient’s disorder (Ring et al. 2002). The daily 
routine is as follows: the families get a sheet of 
paper with hopefully sufficient information about 
the disease and the questions for the current inves- 
tigation. They come back to the clinician with at 
least a preliminary report about the result of the 
investigation to clarify and discuss the results and 
to plan the treatment including further investiga- 
tions and the next outpatient visit. This situation 
requires several basic conditions to function. The 
clinical information must be sufficient, the ordered 
investigation must be capable of answering the 
questions, and the setting must be appropriate. 
This way probably is appropriate for most routine 
situations, but requires modifications in special 
and emergency situations. Important initial results 
or major changes during follow-up need a rapid 
personal communication for properly planning the 
immediate treatment or urgent additional investi- 
gations. If many investigations are performed 
(e.g., US, VCUG, and DMSA-scan), a summa- 
rized radiological diagnosis may be of value for 
clinicians. Basically, a few images are superior to 
a thousand words. Thus, radiological documenta- 
tion programs must include rapid access to images 
for clinicians. If requested, pediatric radiologists 
should find enough time to participate in interdis- 
ciplinary conferences on special patients to dem- 
onstrate the results of imaging and discuss further 
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imaging options if necessary. However, these dis- 
cussions are time consuming and seem to be 
unnecessary in most routine situations as often cli- 
nicians are capable of interpreting imaging to a 
certain extent. But local interdisciplinary meet- 
ings, additionally focusing on the current knowl- 
edge and future aspects of imaging in urinary tract 
disorders, seem to be also of educational value. 
Here pediatric radiologists can clarify why, e.g., 
IVU nowadays is no longer the routine investiga- 
tion in urinary obstruction if new investigations 
such as MRI are available or why echo-enhanced 
voiding urosonography (ce-VUS), if locally avail- 
able, should replace conventional voiding cysto- 
urethrography (VCUG) in certain clinical settings 
(Riccabona et al. 2010, 2012). All this should lead 
to an improvement of imaging settings, to preven- 
tion of invalid performances, and to a better under- 
standing of each other, consecutively enabling an 
optimal management of our children. 


4 What Pediatric Radiologists 
Should Know 
About Treatment 

4.1 Urinary Tract Infection (See 


Also Chapters “UTI and VUR” 
and “Imaging in Urinary Tract 
Infections”) 


Urinary tract infection (UTI) is the second most 
frequent bacterial infection during childhood 
defined by the presence of bacteria within the 
bladder, the kidneys and/or the urinary tract. 
Demographic data on UTI have remained 
unchanged during the last decades with an overall 
female predominance, an equal gender distribu- 
tion during infancy, and with infant boys having 
UTI earlier than girls (Ring and Zobel 1988; 
Hansson et al. 1999). UTI in boys aged more than 
2 years is exceptional and mostly related to some 
underlying condition. Many factors are involved 
in the pathogenesis of UTI. We are on the way to 
a better understanding of the innate and adaptive 
immunity of the urinary tract and the impact of 
Toll-like receptors or cytokines on host defense 


mechanisms. Detection of immunologic distur- 
bances or of genetic polymorphisms could con- 
tribute to the identification of children susceptible 
to recurrent UTI and to renal scarring (Saemann 
et al. 2005; Mak and Kuo 2006). So far, no single 
clinical or laboratory factor can identify children 
at risk. Nevertheless, it is no longer accepted now- 
adays that renal damage following UTI is pre- 
dominantly the consequence of VUR as there 
seems to be an equal distribution of renal scarring 
in refluxing and nonrefluxing renal units 
(Hellerstein 2006; Moorthy et al. 2005). 
Sometimes VUR is found contralateral to a 
severely compromised kidney (Fig. 1). In general, 
children with UTI but without renal and urinary 
tract malformations have no risk for chronic renal 
failure. Aside from looking for UT malforma- 
tions, functional disturbances of the bladder must 
be addressed especially in children with recurrent 
UTI. Nevertheless — there is a general trend of 
questioning the number of investigations and 
strategise them according to age and risks (Marks 
et al. 2008, Tsai et al. 2012, Tse et al. 2009, 
Riccabona 2016). Appropriate treatment of non- 
neurogenic bladder-sphincter dysfunction with 
drugs such as anticholinergics and/or behavioral 
therapy and treatment of constipation are of 
importance in reducing the number of recurrent 
UTIs (see chapter “Non-Neurogenic Bladder- 
Sphincter Dysfunction (“Voiding Dysfunction’”)”). 
Selected cases need imaging to exclude neuro- 
logical deficits such as occult dysraphia, lipoma, 
or a tethered cord. It is well recognized that cir- 
cumcision is associated with a significantly 
reduced risk of UTI in infant boys (Schoen 2005). 
This could be of value in boys with severe UT 
malformations. From a European view, there is no 
benefit of circumcision to prevent UTI in the gen- 
eral male population (Malone 2005). 
Symptomatic UTI needs immediate antibiotic 
treatment, and a delay of diagnosis and treatment 
may be associated with renal scarring (Jodal 
1987, Bouissou et al. 2008). Therapy needs to be 
appropriate for the severity of infection shown 
by clinical symptoms such as vomiting, fever, or 
shock. Treatment for lower UTI can be shorter 
than treatment of febrile upper UTI where an 
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Fig. 1 ACDS (a), renal CT (b), DMSA (c) scan, and VCU (d) in a girl with renal abscesses. Left-sided renal scarring 
is the outcome (split-function 23 %), but VUR is on the right side into a normal kidney 


antibiotic course of 10 days is adequate. Bacteria 
can persist within the bladder tissue in a quies- 
cent state and may serve as a reservoir for recur- 
rent infections (Mulvey et al. 2000). Antibiotic 
prophylaxis for a few weeks, especially after 
severe infections, could be the consequence. But 
what about long-term prophylaxis? For decades, 
long-term prophylaxis — even for many years — 
was an accepted treatment for children with 
recurrent UTI in preventing renal scarring, but 
this effect is questioned nowadays (Pennesi et al. 
2008; Williams et al. 2001; Beetz 2006; Montini 
et al. 2008, Conway et al. 2007, Marcus et al. 
2005). Nevertheless, prophylaxis can be recom- 
mended in children with a normal urinary tract 
and problems such as recurrent pyelonephritis, 
infection stones, or functional bladder disorders 
as adjunct to bladder therapy. The most fre- 
quently used substances are trimethoprim, co- 
trimoxazole, and nitrofurantoin. Cephalosporins 
are a reasonable alternative as the number of 
bacterial strains resistant to trimethoprim is 


increasing (Kaneko et al. 2003). Each center or 
region separately must decide on the best drug 
according to the local bacteriological findings 
and resistance. Fianlly one needs to refer to the 
various national and international guidelines and 
recommendations that additionally change over 
time making the individual imaging strategy and 
mangement decisions sometimes difficult (De 
Palma and Manzoni 2013, National Institute 
for Health and Clinical Excellence 2007, Royal 
College of Physicians 1992, Saadeh and Mattoo 
2011, Roberts 2011, Tse et al. 2009). 


4.2 Vesicoureteral Reflux 

No other clinical entity of pediatric nephrol- 
ogy and urology causes more interdisciplinary 
discussions than VUR, and the most frequent 
clinical situations associated with VUR are 
shown in Table 1. A reorientation concern- 
ing diagnosis, treatment, and outcome of VUR 
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Table 1 Clinical situations with an increased probability 
of VUR 


Table 2 Treatment options for children with primary 
VUR 


Urinary tract infection 


1. Observation without continuous medication 


Fetal hydroureteronephrosis (= distention of the 
collecting system and the ureter) 


Family member with VUR (sibling, parents) 


Unilateral multicystic dysplasia or renal agenesis 


Neurogenic and nonneurogenic bladder dysfunction 


took place during the past years and is going on 
still, particularly as one realised that VUR may 
spontaneously disappear without any sequalae 
or clinical symptoms (Schwab et al. 2002). The 
International Reflux Study in Children gave the 
final report after 10 years of follow-up. There 
were no differences in the outcome (scarring, 
renal growth, UTI recurrence rate) under medi- 
cal or surgical management except that medi- 
cally treated children more often had febrile 
UTIs. The importance of continuous surveil- 
lance of VUR patients was emphasized (Jodal 
et al. 2006). Children with VUR do not neces- 
sarily suffer from recurrent UTI. Consequently, 
the need and the duration of antibiotic pro- 
phylaxis have to be questioned (Pennesi et al. 
2008). There is evidence that VUR grade 3-5 
(international classification) is a risk factor 
for UTI, but VUR grade 1-2 not so (Nuutinen 
and Uhari 2001; Hellerstein and Nickell 2002). 
Stopping long-term prophylaxis in children with 
persisting VUR was found to be safe without an 
increased risk for UTI or renal scarring, mostly 
in school-aged children with nondilating low 
grade VUR (Cooper et al. 2000; Thompson et al. 
2001; Al-Sayyad et al. 2005; Garin et al. 2006). 
The above-mentioned gender differences in UTI 
could influence the decision to stop prophylaxis, 
being earlier in boys than in girls. Discontinuing 
or not even starting prophylaxis in cases with 
VUR (no prophylaxis in VUR grade 1-2; stop- 
ping prophylaxis in persisting VUR grade 3—4 
after 1 year, at least in boys) is more often 
accepted in Europe and was proposed as an 
alternative much earlier than in North America 
(Jodal and Lindberg 1999). The data of the 
RIVUR study were published recently; they 
confirmed prophylaxis to be better than placebo 
in children with high-grade VUR (The RIVUR 
Trial Investigators 2014). 


(a) Frequent urinanalysis (partially at home) 
(b) Immediate treatment of UTI 
2. Antibiotic prophylaxis 


(a) Prophylaxis until VUR resolves 


(b) Stopping prophylaxis despite VUR persistence 
and observation as in option 1 


(c) Prophylaxis for a defined period without 
reevaluation. Observation as in option 1 


3. Primary surgical treatment (with or without 
postoperative prophylaxis) 


(a) Subureteral injection 


(b) Open surgery 


4. Combined conservative and surgical approach 


(a) Elective primary surgery (e.g., paraostial 
diverticulum) 


(b) Surgery following conservative treatment 


Recurrent UTI with options | or 2 


New scarring 


Preservation of bladder function (e.g., 
megacystis-megaureter syndrome) 


(c) Failure of surgery — with second surgery and/or 
options | or 2 


Invalid technique 


Not recognized nonneurogenic bladder-sphincter 
dysfunction or neurogenic bladder 


5. Proceeding based on parental preferences and 
compliance to treatment 


Supportive measures such as awareness of UTI, treatment 
of nonneurogenic bladder-sphincter dysfunction, consti- 
pation, vulvitis, and phimosis are mandatory in all. 

RTx renal transplantation, CRF chronic renal failure 


The American Urological Association recom- 
mended continuous antibiotic prophylaxis as ini- 
tial treatment for most children with VUR (Peters 
et al. 2010). Surgery (mostly open surgery) was 
recommended in children with persistent dilating 
VUR (Elder et al. 1997). Nowadays, surgically 
oriented institutions mostly emphasize endo- 
scopic treatment (subureteral injection) not only 
as an alternative to prophylaxis and to open sur- 
gery, but sometimes also as the first-line treat- 
ment for most children with high-grade or 
intrarenal VUR (Puri et al. 2006; Capozza and 
Caione 2007). 

What is our ultimate goal? Is it prevention of 
renal damage or is it cure of VUR? Treatment 
options for children with VUR are shown in 
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Table 2. Physicians are obliged to inform fami- 
lies about all treatment options. Parental prefer- 
ences have to be respected and need to be 
incorporated into ultimate decisions, as well as 
the compliance. A recent questionnaire study 
showed that the majority of parents favored anti- 
biotic prophylaxis over surgery as initial treat- 
ment. If a long-term treatment course was 
predicted, surgery and especially endoscopic 
treatment were preferred (Ogan et al. 2001). 
Information given to parents for decisions should 
be objective, but certainly are biased by center 
preferences. This has to be considered in inter- 
preting a questionnaire study of a surgical center 
showing an 80% parental preference of endo- 
scopic treatment (Capozza et al. 2003). Whatever 
the individual situation, spontaneous resolution 
or surgical repair of VUR is not the endpoint of 
treatment and observation. Long-term studies 
showed that UTI is independent from VUR, and 
it was found in up to 74% of patients 20 years 
even after successful antireflux surgery (Beetz 
et al. 2002; Mor et al. 2003). Women with or 
without renal scarring (RNP) are prone to UTI 
during pregnancy, abortion may occur in 37 % of 
pregnancies, and chronic renal failure will dete- 
riorate in approximately 20 % of cases (Jungers 
et al. 1996). Arterial hypertension is found in 
10-20% of all patients with scars or reflux 
nephropathy (RNP). Patients with chronic renal 
failure (CRF) due to bilateral RNP or RNP in a 
single kidney are especially prone to these long- 
term sequelae (Smellie et al. 2001). 

It is well recognized that particularly boys with 
bilateral high-grade VUR present with renal hypo- 
dysplasia, also called congenital RN (Ring et al. 
1993; Yeung et al. 1997; Wennerström et al. 2000; 
Marra et al. 2004). Hypodysplasia with VUR is the 
most frequent single cause of CRF during child- 
hood, accounting for 26% of cases (Ardissino 
et al. 2003). Future end-stage renal failure cannot 
be prevented in these children, but the progression 
of CRF can be delayed. Proper nephrological 
treatment is essential to avoid complications such 
as hypertension, renal anemia, or renal osteodys- 
trophy and must start early in CRF. 

Statements such as “... it is not clear whether 
any intervention for children with primary VUR 
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does more good than harm ...” or “... it is uncer- 
tain whether the identification and treatment of 
children with VUR confers clinically important 
benefit ...” are questionable (Wheeler et al. 
2003). The presence of renal hypodysplasia can- 
not be changed by any treatment. However, early 
identification of children with congenital renal 
compromise, particularly those with CRF, is 
essential for adequate nephrological treatment. 
The rationale for treatment of VUR can only be 
the prevention of acquired renal scarring. Scars 
may cause renal morbidity in patients born with 
normal kidneys or can accelerate the progression 
of CRF in patients with renal hypodysplasia. 
Therefore, we need identification, observation, 
and probably treatment of VUR patients at risk 
for renal scarring. As a negative example, a study 
of 115 adults (99 females) — all born before 
1968 — with VUR detected in adulthood and 
without diagnosis of VUR during childhood 
showed that 88% of patients had RNP, 34% 
were hypertensive, and 19% suffered from 
CRF. Females more often had UTI, while CRF 
was predominant in males (Köhler et al. 1997). 
These data of a special group of adults indicate 
that we should not leave our children without 
long-term care and surveillance. Gender differ- 
ences of VUR and of RNP have to be considered 
as they may influence management significantly 
(Fanos and Cataldi 2004). And in addition, 
developing countries strongly await our deci- 
sions and proposals, and also need our support 
(Xhepa et al. 2004). 

Decisions about treatment are influenced by 
guidelines — commonly accepted or not — which 
are discussed below. Clinically oriented deci- 
sions, individually influenced by our knowledge 
about the family situation, the estimated compli- 
ance with medical treatment, and the adherence 
to follow-up investigations, seem to be of equal 
importance. Aside from patients being involved 
in multicenter studies with strict protocols, treat- 
ment of many children with VUR is based on 
individual experience, local attitudes, parent’s 
preference, and the specialization of the center. 
Our current knowledge seems to raise more ques- 
tions than solutions concerning evidence-based 
treatment of children with VUR. 
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4.3 Fetal and Neonatal Urinary 


Tract Dilatation 


Formerly, the term “hydronephrosis” (HN) indi- 
cated obstructive uropathy with compromise of 
the renal parenchyma; therefore it has been 
recently suggested to introduce a new classifica- 
tion system using the term “urinary tract or pel- 
vicaliceal  dilatation/distension” (UTD/PCD) 
(Nguyen et al. 2014; Riccabona et al. 2014a; 
Riccabona et al. 2017 in press; Vivier 2015). 
Nowadays, this term usually refers to different 
grades of renal pelvic dilatation on US investiga- 
tion (prenatally and after birth) as a sonographic 
grading scale mostly classified as proposed by 
the Society for Fetal Urology, based on the 
Hofman US classification, and adapted by the 
ESPR uroradiology task force (Fernbach et al. 
1993; Riccabona et al. 2008); however, different 
grading systems exist. A major point of discus- 
sion is what extent of fetal UTD at which gesta- 
tional age reliably predicts significant postpartum 
renal and urinary tract disease (Toiviainen-Salo 
et al. 2004). Recent publications could show that 
severe degrees of UTD (HN-SFU grades 3-4) 
and an anterior-posterior renal pelvic diameter 
of >12 mm on a third trimester US are highly 
predictive for significant postpartum pathology 
(Lee et al. 2006a, b; Sidhu et al. 2006). Some 
reports even suggest to repeated prenatal US 
scans and then perform a detailed postnatal eval- 
uation in patients with much smaller distention — 
increasing detection rate, but also causing a 
higher number of negative studies (John et al. 
2004). UTD per se does not necessarily indicate 
a special disease, and a correct final diagnosis is 
warranted. US devices applicable to small 
fetuses enabling diagnosis of urinary tract 
disease in early pregnancy have become stan- 
dard. Yet the actual diagnostic potential during 
fetal life is limited, and the correct postpartum 
diagnosis cannot be obtained in many cases. 
The diagnosis of fetal renal failure is based 
on US findings of the kidneys (no kidneys pres- 
ent, a single dysplastic kidney, renal cysts, 
hyperechogenic renal parenchyma), the calcu- 
lation of the amount of amniotic fluid as oligo- 
hydramnios indicating renal failure, and the 


measurement of electrolytes in fetal urine (see 
also chapter “Anomalies of Kidney Rotation, 
Position and Fusion”). Sometimes repeated US 
and analyses of fetal urine indicate an adverse 
outcome justifying elective termination of 
pregnancy. MRI of the fetal kidneys and urinary 
tract sometimes may clarify inconclusive find- 
ings on US and may serve as a valuable future 
tool (see chapter “Anomalies of Kidney 
Rotation, Position and Fusion”) (Hörmann 
et al. 2006; Cassart et al. 2004). Fetal interven- 
tions nowadays are mostly restricted to boys 
with oligohydramnios and bilateral urinary 
tract obstruction caused by posterior urethral 
valves. Fetal rupture within the urinary tract 
may cause concern on postpartum renal and 
pulmonary function (Fig. 2). Fetal interven- 
tions must be discussed interdisciplinarily in 
these rare but important situations. If not indi- 
cated or performed, early imaging and emer- 
gency treatment immediately after birth are 
mandatory, and the long-term renal outcome 
may be poor. 

Most fetuses with isolated UTD survive and 
are asymptomatic neonates after birth. Further 
imaging is needed frequently to clarify the fetal 
findings. Sometimes the parents may not know 
enough about the significance of prenatal find- 
ings and their postpartum diagnostic and thera- 
peutic management. Such a situation leads to a 
long period of uncertainty and anxiety for the 
parents who have been worried about their 


Fig. 2 Oligohydramnios, fetal urinary ascites (A), and 
bilateral urinoma (asterisks) in a boy with posterior ure- 
thral valve recognized in the 32nd week of gestation 
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child’s renal outcome since the first recognition 
of fetal UTD. Correct information for the par- 
ents from the obstetricians is therefore manda- 
tory, with pediatric radiologists eventually 
being helpful in interpreting US. Especially in 
severe findings on fetal US, the direct contact to 
neonatologists, pediatricians, or preferably to 
pediatric nephrologists already during preg- 
nancy is of utmost importance. They should 
inform the parents what will happen after birth 
and which investigations (mostly imaging) 
should be performed at which postpartum age. 
Appropriate information about prognosis and 
therapeutic options (antibiotic prophylaxis, 
indications for surgery, etc.) should be provided 
in time. In strictly unilateral renal compromise 
with a normal contralateral kidney showing 
compensatory hypertrophy, the global renal 
outcome will be favorable. 

Fetal UTD is found in up to 5% of pregnan- 
cies. It is transient or physiological without renal 
compromise in approximately 60% of cases. 
Nearly half of the neonates with significant 
pathology suffer from pelvi-ureteric junction 
obstruction (PUJO) and one third from VUR. In 
the early years of US, most of us were deeply 
impressed by the magnitude of neonatal UTD, 
and probably too many children had early opera- 
tions. A recent retrospective survey carried out 
for 19 years showed that prenatal diagnosis led to 
earlier detection of PUJO and to earlier surgical 
repair. The total number of operations remained 
unchanged (Capello et al. 2005). The “wait and 
see” strategy, nowadays successfully applied in 
many centers, may reduce the number of surgi- 
cally treated neonates and infants significantly. 
Dilatation is not necessarily equal to obstruction. 
Obstruction basically means development of 
renal damage if left untreated and is a retrospec- 
tive assessment. However, acquired irreversible 
renal damage should not be the rationale for ther- 
apeutic decisions. In this dilemma of operating 
only on children with proven obstruction and not 
losing renal parenchyma, we must accept investi- 
gations felt to be somewhat invalid (e.g., MAG3 
isotope washout curves) or rely on repeated US 
and split renal function on isotope investigation 
with deterioration being an indication for sur- 


gery. Permanent loss of renal parenchyma may 
occur within few months (Dejter and Gibbons 
1989), is accepted to occur in some studies 
(Dhillon 1998), and a close follow-up can pre- 
vent this irreversible renal damage (Thorup et al. 
2000, 2003; Onen et al. 2002). A survey of 
French-speaking European pediatric nephrolo- 
gists and urologists showed that about 61 % rely 
on 99m Tc-MAG3 curves to recommend surgery 
or not (Ismaili et al. 2004). In recent years, func- 
tional MRU providing also information on 
regional and split glomerular filtration rate as 
well as renal transit times (not only on anatomic 
information, split size, and drainage pattern) is 
partially advocated for more accurately deter- 
mining which kidneys may benefit from surgery 
(see chapter “MR of the Urogenital Tract in 
Children’). 

The long-term outcome of children with 
prenatally recognized PUJO is favorable in 
general. Deterioration on long-term surveil- 
lance seems to be rare, and the outcome of the 
affected kidney mostly is determined at birth. 
Children with a moderate reduction of neona- 
tal split renal function may benefit from pyelo- 
plasty, while poorly functioning kidneys mostly 
will not recover despite surgery (Ylinen et al. 
2004). In the latter cases, pelvic dilatation on 
US may be moderate due to the decreased urine 
output. Increased parenchymal echogenicity, 
cortical cysts, and a reduced perfusion indi- 
cate a congenital lesion already in neonates 


Fig.3 Neonatal US in pelvi-ureteric junction obstruction 
with moderate renal pelvic dilatation. Increased parenchy- 
mal echogenicity and cortical cysts indicate severe 
obstructive dysplasia and poor renal function 
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(Fig. 3) (see also chapters “Congenital Urinary 
Tract Dilatation and Obstructive Uropathy” and 
“Upper Urinary Tract Dilatation in Newborns 
and Infants and the Postnatal Work up of 
Congenital Uro-nephropathies”). 

Although performed frequently, it is 
unclear whether all neonates with fetal UTD 
should receive an antibiotic prophylaxis start- 
ing at birth. Infants with urinary tract obstruc- 
tion had an increased incidence of UTI in an 
early study (Ring and Zobel 1988). A 36% 
incidence of UTI — predominantly during the 
first 6 months of life — in infants with severe 
obstructive UTD and left without antibiotic 
prophylaxis was reported recently. UTI was 
more frequent in infants with ureterovesical 
junction obstruction than with PUJO (Song 
et al. 2007). Prophylaxis given to all neo- 
nates with all grades of fetal UTD and start- 
ing with birth may be a prerequisite for large 
prospective multicenter trials, but otherwise 
is not timely. Just 23 % of pediatric nephrolo- 
gists and 31% of pediatric urologists would 
recommend prophylaxis immediately after 
birth, more often in VUR than in urinary 
tract obstruction (Ismaili et al. 2004). Table 3 
shows possible indications for antibiotic pro- 
phylaxis in neonates depending on the severity 
of fetal and neonatal findings. If prophylaxis 
is questioned in cases with low grade VUR, 
indications for VCUG or ce-VUS in asymp- 
tomatic neonates with mild to moderate fetal 
and neonatal UTD but a normal appearance of 
renal parenchyma should be modified (Ismaili 


Table 3 Indications where antibiotic prophylaxis in neo- 
nates with fetal UTD should be considered 
Neonates after fetal interventions 
‘Severe fetal findings leading to immediate neonatal 
investigations 
‘Suspicion of posterior urethral valves 
‘Complex obstructive uropathy (e. g., duplication with 
ureterocele) i i f 
Uni- or bilateral severe supravesical UTD 
Dilating VUR (grades 3-5, international classification) i 
Single functioning kidney with severe UTD i 
Abbreviations: UTD urinary tract distension, VUR vesico- 
ureteric reflux 


et al. 2006; Lidefelt et al. 2006). VCUG (or 
ce-VUS) should be selectively used accepting 
that some neonates with predominantly mild 
VUR may be missed (which however might 
well be without any consequence). Renal 
parenchymal lesions on US, known to be asso- 
ciated with severe VUR, and indirect signs 
of dilating VUR, such as ureteral distension, 
urothelial thickening, or a changing ureteral or 
renal pelvic width, are in favor of an immedi- 
ate or at least delayed VUR evaluation test. 


4.4 Other Common Conditions 

There are a few other common pediatric urinary 
tract conditions that have specific implications 
on imaging and where understanding of treat- 
ment is essential for pediatric radiologists. In 
renal cystic disease, new treatment options may 
be available in the near future — the indication 
for treating probably will be based on the patients 
age, on the number of cysts, and the speed of 
disease evolution; thus a more detailed descrip- 
tion of number and size of cysts has become 
essential (see also chapter “Renal Agenesis, 
Dysplasia, Hypoplasia and Cystic Diseases of 
the Kidney” and “Imaging in Renal Agenesis, 
Dysplasia, Hypoplasia and Cystic Diseases of 
the Kidney”). In urinary tract trauma, most con- 
ditions can be managed conservatively — only 
severe renal trauma, bladder, or caliceal or ure- 
thra/ureter rupture need prompt intervention. 
Thus the initial assessment is crucial, sometimes 
necessitating a ce-CT or ce-MRU, whereas in 
most other cases particularly with blunt or mod- 
erate trauma can be managed based on US find- 
ings (Amerstorfer et al. 2015) (see also chapter 
“Urinary Tract Trauma”). For urethral trauma 
retro- and/or antegrade urethrography is neces- 
sary. In childhood urolithiasis, the clinical and 
therapeutic consequences should govern imag- 
ing, too — as children are more susceptible to 
radiation, and patients with stone disease will 
have to undergo repeated studies during their life 
potentially accumulating a very high overall 
dose, radiation sparing imaging is of even higher 
importance (see also chapters “Urolithiasis and 
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Nephrocalcinosis” and “Imaging of Urolithiasis 
and Nephrocalcinosis”). Therefore US should 
always be the first imaging step, as most stones 
are located at the renal pelvis and the pelvi-ure- 
teric or the ureterovesical junction, all areas ide- 
ally accessible by US. And small stones <5 mm 
usually pass spontaneously if they have reached 
the ureter, at least to the distal prevesical part — 
thus depiction of those sitting in the mid ureter 
portion is of no consequence, and therefore CT 
is rarely needed and indicated. Additionally, 
childhood urolithiasis should also prompt a 
search for underlying conditions such as meta- 
bolic disturbances (hypercalciuria, hyperoxal- 
uria, etc.). Finally (glomerulo)nephritis needs to 
be considered; the most important clinical 
aspects are diagnosing and managing these con- 
ditions trying to avoid permanent renal damage 
and renal failure. The contribution of imaging is 
limited to US and US-guided renal biopsy as 
shown in chapters “Renal Parenchymal Disease” 
and “Imaging in Renal Parenchymal Disease”. 


Take Away 

Knowledge about clinical aspects is essen- 
tial for performing imaging in a way that 
aids diagnosis and treatment. Imaging 
results should be quickly transferred to cli- 
nicians. US is the basic and sometimes sin- 
gle investigation and should guide the need 
for additional studies like VCUG or DMSA- 
scan. VCUG is needed just in a part of the 
children with UTI, and isotope studies fre- 
quently are decisive for treatment of chil- 
dren with urinary tract obstruction. Special 
attention is necessary in renal cystic dis- 
ease, renal trauma, and urolithiasis. 


5 Guidelines and Beyond 


5.1 General Considerations 

Guidelines permanently accompany our work in 
the daily routine. Young colleagues eagerly fol- 
low the proposals of the local specialists, making 
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the daily work much easier. Specialists them- 
selves are involved in the interdisciplinary 
approach to special disorders within their own 
countries or in the setting of international coop- 
eration or societies. Consequently, clinical and 
basic research continuously modifies our 
approach to disorders (Marks 2007; Ulman et al. 
2000). The resulting guidelines influence the 
clinical management and represent a continuum 
to better care for our children. But are our guide- 
lines always followed? A recent study showed 
that less than half of infants with UTI received 
the recommended care including diagnostic 
imaging. Hospitalized infants were more likely to 
get imaging (Cohen et al. 2005). Another point of 
concern is the practicability of a given guideline. 
Adequacy for a tertiary center may be a challenge 
for primary or secondary care or for countries 
with limited resources. We have to accept that not 
all can follow new concepts. Modifications 
according to local circumstances or adherence to 
previous proposals are the consequence. 

It is the current attitude to question approved 
approaches to diagnosis and therapy and to ask 
for evidence-based medicine. If the treatment of 
special disorders is not evidence based, prospec- 
tive, multicenter, randomized trials are proposed 
and “... further decisions strongly will depend on 
these findings ...”. Meanwhile and for the years 
up to the first results of ongoing or planned stud- 
ies, we are in a vacuum, not knowing what should 
be done — lacking evidence in many such situa- 
tions, in particular concerning imaging. But our 
patients and their disorders cannot wait years for 
such suggestions as treatment has to be done 
immediately. 

Meta-analyses showing that current 
approaches are not evidence based and proposing 
studies to clarify these issues are of importance. 
Yet there is no proof that omitting all current 
imaging and treatment protocols is better and 
does not harm our children; actually some recent 
papers suggest that strategies that have been pro- 
posed based on the lack of evidence of benefit of 
a certain test risk missing a relevant number of 
patients who suffer from treatable conditions 
thus increasing morbidity for the benefit of being 
more “economic” (McDonald and Kenney 2014). 
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Timely individual management, partially influ- 
enced by personal experience and local prefer- 
ences, and sometimes being different from 
proposed guidelines, must parallel clinical 
research. Guidelines are as good as they allow 
modifications for the individual patient. It is not 
our intention to give new proposals or algorithms 
with the presumption of being superior to previ- 
ous recommendations. The impact of investiga- 
tions in disease entities must be discussed from a 
clinically oriented view. This hopefully will con- 
tribute to the best decision on imaging in children 
with UTI, VUR, and fetal UTD where doctors 
from several subspecialties are involved. 


5.2 Urinary Tract Infection 


and Vesicoureteric Reflux 


It is almost universally accepted that all infants 
and children with (febrile, upper) UTI should 
undergo imaging starting with US. Yet one pro- 
spective study found US to be of limited value if 
performed at the time of acute UTI as the impact 
on treatment is low (Hoberman et al. 2003). No 
other imaging procedure is more investigator- 
dependent than US. But high-quality modern US 
including (amplitude-coded) color Doppler 
sonography (CDS) has the potential to influence 
and to guide further imaging, thereby reducing 
the total radiation burden. This is to some extent a 
local decision. If local clinicians rely on the 
results of US, recommended subsequent imaging 
eventually can be delayed, performed just in 
selective cases, or be omitted. Inconsistencies and 
failures need reevaluation of such an approach 
mostly going back to an imaging protocol follow- 
ing generally recommended guidelines. 
Discussion on imaging following UTI is based 
on the correlation of UTI with renal scarring, 
VUR, other malformations of the kidneys and the 
urinary tract, and nonneurogenic bladder-sphincter 
dysfunction. VCUG is still the central point of dis- 
cussion and is an invasive investigation with radia- 
tion burden, discomfort, and a small risk of causing 
a UTI. The American Academy of Pediatrics and a 
Swedish state-of-the-art conference recommended 
US and VCUG in all infants and young children 


up to 2 years of age with UTI to detect VUR 
(American Academy of Pediatrics. Committee on 
Quality Improvement. Subcommittee on Urinary 
Tract Infection 1999; Jodal and Lindberg 1999). 
This imaging policy is no more accepted nowa- 
days and the American Academy of Pediatrics 
basically changed their attitude (American 
Academy of Pediatrics 2011). The number of 
investigations can be reduced and VCUG not nec- 
essarily has to be performed in all children with 
UTI, only those with indirect signs on US or com- 
plicating clinical circumstances. In infants with 
febrile UTI, an US of the bladder and the kidney 
should be performed during the first 2 days of 
treatment to identify serious complications such as 
pyonephrosis or abscesses formation — when the 
clinical situation is severe or if there is no clinical 
improvement. Nuclear scanning with DMSA is 
not recommended as part of routine evaluation in 
the first febrile UTI. Radionuclide cystography 
(RNC) with low-dose radiation or ce- VUS without 
radiation are alternatives to conventional fluoro- 
scopic VCUG, but both also require catheteriza- 
tion of the bladder. As stated above, it is the 
ultimate goal to recognize and to prevent renal 
damage. Renal scarring without VUR is frequent. 
Conversely, detecting VUR is not a good predictor 
of renal damage after UTI and cannot serve as a 
screening investigation for renal damage (Gordon 
et al. 2003). 

Siblings of an index patient more often have 
VUR, mostly low-grade VUR, and the mean inci- 
dence is 32 % (Hollowell 2002). Scarring is infre- 
quent in this special, mostly asymptomatic 
population, and no increased risk for UTI has 
been reported. Performing a VCUG seems to be 
advisable just in siblings with UTI or with proven 
renal damage. Elective screening with RNC was 
recommended (Lee et al. 2006b), but close sur- 
veillance including repeated US and immediate 
urinalysis in febrile states could be an alternative. 

VCUG in children older than 2 years is a 
matter of debate. A DMSA scan — if available — 
was recommended 6-12 months after an upper 
UTI and VCUG was performed only if a renal 
lesion was recognized (Jodal and Lindberg 
1999). In contrast, others recommended VCUG 
in all prepubertal children (Lee et al. 2006b). 
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There is increasing evidence that an imaging 
policy using US and DMSA (or today also MRI) 
could be a reasonable alternative to strict adher- 
ence to VCUG in all cases ( Riccabona and 
Fotter 2004a, b). Two recent studies with this 
approach could reduce the number of VCUGs 
by 49 % and 30%, respectively (Hansson et al. 
2004; Tseng et al. 2007). It is important to note 
that — taking these two studies with 445 patients 
together — a small number of children with VUR 
grade 1-2 and just one child with a renal lesion 
were missed. This is acceptable, especially if 
one feels that some children with VUR can be 
left without prophylaxis. 

Another point of concern is the timing of 
repeated VCUG (or ce-VUS/RNC) once VUR is 
detected. Most centers probably would accept a 
follow-up VUR test in yearly intervals while 
children are on prophylaxis. A recent study ana- 
lyzed a schedule of delaying VCUG, thereby tak- 
ing into account the resolution rates of different 
VUR grades. A delay of 2 years in clinically 
uneventful children with mild VUR and of 3 
years with severe VUR would have reduced the 
number of VCUGs by 19 % with a moderate pro- 
longation of giving prophylactic antibiotics 
(Thompson et al. 2005). In cases in which pro- 
phylaxis is stopped despite persisting VUR, the 
need for a repeated VUR test basically has to be 
questioned in an uneventful course without UTI. 

There is a significant change in the approach 
to children with VUR concerning treatment and 
imaging. The central point of concern is the renal 
parenchyma and not VUR itself. If we can accept 
that all children with renal compromise but not 
all children with VUR have to be detected, a sig- 
nificant reduction of radiation and invasiveness 
seems to be possible. Nevertheless, even nowa- 
days there is no ideal universally accepted proto- 
col for imaging following UTI and looking for 
VUR (La Scola et al. 2013). 


5.3 Fetal Urinary Tract Dilatation 


(UTD) 


Imaging protocols following fetal UTD should be 
dedicated to identifying neonates with renal dys- 
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plasia, complex uropathies, obstructive uropathy, 
single functioning kidneys, or severe VUR with or 
without congenital RNP. Fetal findings do not nec- 
essarily equal postpartum findings. High-quality 
fetal US is not performed in all pregnancies, and 
some renal or urinary tract malformations can be 
missed including VUR. Consequently, a recently 
reported approach not to perform renal US in chil- 
dren with UTI and a reportedly normal fetal US 
has to be questioned (Hoberman et al. 2003). 

Severe fetal findings suggesting important 
diagnoses such as posterior urethral valves are a 
neonatal emergency, and US (as well as a VCUG) 
is needed immediately after birth. Otherwise, 
neonatal US can (and should) be delayed up to 
the end of the first week of life. Timely imaging 
algorithms basically including VCUG or ce-VUS 
were shown (Riccabona and Fotter 2004a, b; Lee 
et al. 2006a, b; Riccabona et al. 2008). Neonatal 
US is the first investigation, but VCUG or ce- 
VUS in all neonates even with unilateral severe 
fetal UTD but without dilated ureter has to be 
questioned nowadays. Antibiotic prophylaxis is 
prescribed in most of these neonates, obviating 
the need for immediate VCUG or ce-VUS that 
can be performed later and electively. Modern 
high resolution US can guide further imaging in a 
more individually based fashion and should be 
performed by an experienced investigator. 
Preservation of renal parenchyma is the ultimate 
task in cases with fetal UTD, but the radiation 
burden can be lowered with modified imaging 
protocols. 


5.4 Other Common and Important 


Conditions 


In renal cystic disease not only a more detailed 
description of number and size of cysts has 
become essential (see also chapter “Renal 
Agenesis, Dysplasia, Hypoplasia and Cystic 
Diseases of the Kidney” and “Imaging in Renal 
Agenesis, Dysplasia, Hypoplasia and Cystic 
Diseases of the Kidney”); it has also become pos- 
sible by using modern high resolution US and 
MRI. This is important for early recognition, 
even in neonates relatively small cysts that have 
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not been detectable a decade ago can now be 
depicted and thus earlier diagnosis has become 
possible, with all its implications on possible 
future treatment and prognosis (see Figs. 7d and 

). But one has to consider that therefore treat- 
ment concepts that are based on the “old” imag- 
ing potential may need to be revisited — also the 
constantly increasing importance of genetics and 
the new insight into the disease pathophysiology 
(the concept of ciliopathies and uromodulin) that 
indicates to extend imaging to other organs such 
as major vessels (e.g., for aneurysm) and other 
organs (e.g., liver fibrosis, cysts in other paren- 
chymal organ). 

In urinary tract trauma, US with its modern 
options such as (amplitude-coded) CDS and 
contrast-enhanced US has become an accepted 
alternative to ce-CT (Fig. 4); new imaging algo- 
rithms for mild to moderate blunt renal trauma 
tribute to this development (Amerstorfer et al. 

; Riccabona et al. ) (see also chapter 


). For severe (or multi- 
ple) and penetrating renal/urinary tract trauma, a 
ce-CT (in the acute setting) or ce-MRU (in the 
delayed setting or for follow-up) still remain the 
gold standard — better devices, modern detectors, 
and reconstruction algorithms and improved 
intelligent contrast application techniques as 
well as dedicated pediatric CT protocols have, 
however, helped to reduce the burden on the 
patient without sacrificing diagnostic accuracy 
(see also chapters 


, and 
). 

In childhood urolithiasis, the shift towards US 
as the main and initial imaging modality has 
implications on the details of the procedure (see 
also chapter f 

). Adequate scanning condi- 


Fig. 4 Potential of aCDS and ce-US in renal trauma: 
excellent early depiction of renal injury after moderate 
abdominal trauma by aCDS (b), not really convincingly 
depictable on gray scale imaging (a) in the early phase 
after the accident. Corresponding ce-CT image (c). The 


renal injury in another patient with splenic laceration is 
hardly seen on the gray scale image (d), whereas ce-US 
(dual/split image display, left side is the contrast image) 
nicely delineates the nonperfused (= noncontrasted, dot- 
ted circle) area (e) 
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Fig.5 Potential of modern CDS in urolithiasis: (a) CDS 
depicts the symmetric ureteral inflow jet proving patency 
of the ureter; (b) a small calculus in the distal ureter is 


tions have become more important, such as a full 
bladder as a requirement for being able to visual- 
ize the distal ureter; new CDS applications such 
as the ureteral jet and the twinkling sign have fur- 
ther increased US potential — therefore US is rec- 
ommended as the first imaging step, and low-dose 
“stone-CT” only rarely becomes necessary 
(Riccabona et al. 2009) (Fig. 5). 

In childhood (glomerulo-) nephritis imaging 
usually does not play such an essential role as in 
other nephrourological conditions. It often can- 
not offer a definite diagnosis. But there are some 
specific findings which can be important and 
need to be known and looked for; furthermore 
additional information on the intravascular fluid 
load, potential effusions, other potentially related 
manifestations (e.g., bowel involvement in 
hemolytic-uremic syndrome), or renal perfusion 
(reflecting the disease severity, sometimes with 
high prognostic value) must be offered and are 
valuable details for patient management. 


Take Away 

Guidelines and recommendations on imag- 
ing procedures and algorithms exist and are 
helpful for standardizing imaging. They 
have changed over time and are constantly 
evolving, too. However, not for all queries 
these are ideal and universally accepted; 
furthermore there is some local and indi- 
vidual variation. 
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depicted (arrow) — becoming much more obvious by the 
“twinkling sign” using CDS (c) than on pure gray scale 
imaging 


6 Imaging Algorithms 
and Procedural 
Recommendations 


There are numerous guidelines and recommen- 
dations from different national and international 
groups (mostly scientific associations and soci- 
eties) and issued by the different specialties 
involved; sometimes, every institution has its own 
rules. The most commonly used are from clini- 
cal fields and issued by national groups or institu- 
tions such as those from the American Academy/ 
Association and the British National Institute 
for Health and Clinical Excellence (NICE) 
(McDonald and Kenney 2014); In pediatric urora- 
diology there are by far less, on supranational level 
these are the joint recommendations of the ESPR 
abdominal (GI and GU) imaging task force and 
the ESUR pediatric working group. How did this 
pile of partially contradicting numerous guide- 
lines arise? It happened in the last two decades, 
driven partially by economic reasons, partially by 
legal and regulatory intentions, and only in part 
based on the real interest of our patients. Evidence 
and evidence based has become the magic word — 
or better the spell — during the last decade, with all 
its restrictions and limitations. Nobody dares to 
question this Holy Grail of ultimate proof; how- 
ever, there are restrictions in many regards: are 
these available for pediatric (imaging) queries? 
Has the right question been posed? Which is the 
evidence level — have they been questioned in the 
light of long-term consequences and impact on 
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the entire socioeconomical life time balance? Are 
the proposed guidelines applicable throughout the 
world, and are the respective tests available 24/7 
for the entire pediatric population? Still at pres- 
ent there are no better tools for evaluating the cor- 
rectness of our measures, and thus we have to use 
them to the best of our knowledge, but baring in 
mind those restrictions. 

Why still try to create such recommendations? 
Why to adhere to them? There are a number of 
reasons: They have the potential to increase 
patient safety and reduce unnecessary burden — 
e.g., by invasive tests that can be replaced by 
other methods or are not useful in terms of “diag- 
nostic thinking efficacy”. They definitely can 
provide guidance for less specialized colleagues 
and centers, define a quality standard, and also 
may help to reduce costs — where achievable 
without endangering patient care and well-being, 
particularly in children who are the future of our 
society and who will possibly suffer life-long 
morbidity from mistakes that happened during 
their childhood, impacting not only the individ- 
ual and their life quality. And eventually a stan- 
dardized imaging will enable future meta-analysis 
and more knowledge and “evidence” for deepen- 
ing our knowledge and improving imaging as 
well as selection of the individual method. 

For pediatric uroradiology, nearly all relevant 
procedures and conditions have been addressed 
by the ESPR and ESUR procedural recommenda- 
tions and imaging algorithms in a way that they 
respect local needs and options, integrate existing 
other guidelines and clinical needs, and are adapt- 
able towards the local and individual needs and 
options. These procedural recommendations are 
all available as free/open access articles and cover 
US, ce-VUS, ce-US, VCUG, IVU, CT, and MRI, 
but also less frequently performed examinations 
such as retrograde urethrography or colonography 
and (fluoroscopic or sonographic) genitography, 
or interventional procedures such as renal biopsy 
(Riccabona et al. 2008, 2009, 2012, 2014a, b, 
2015, 2016). The imaging algorithms include sug- 
gestions for a work-up in childhood UTI, fetal/ 
neonatal moderate or gross (hydronephrosis) 
UTD, suspected obstructive uropathy, childhood 
urolithiasis, childhood hypertension, genital and 
anorectal malformations, disorders of sex devel- 


opment, hematuria, renal trauma, testicular and 
ovarian torsion, childhood cystic kidney disease, 
and renal transplantation (Riccabona et al. 2008, 
2009, 2014a, b, 2015, 2016). But also with these — 
as with many pediatric (radiologic) recommenda- 
tions — evidence is scarce and most of the 
proposals are consensus statements from expert 
groups (“eminence based”) trying to integrate the 
available literature. We also have to be aware that 
there may be some differences to algorithms and 
suggestions offered by pediatric nephrology and 
pediatric urology. 

Guidelines and recommendations are helpful 
but shall not completely govern our professional 
practice. It is and hopefully will remain the indi- 
vidual patient and their wellbeing that should 
define our proceedings and procedures, indica- 
tions, and performance. This is reflected by the 
increasing importance and acceptance of “per- 
sonalized” medicine, a trend also supported by 
research and newest treatment developments. 
And it is of utmost importance that — before fol- 
lowing a certain guideline — one has to make one- 
self knowledgeable about the topic and select the 
proper recommendation, abandon the idea of 
having to reinvent the wheel all the time over and 
over again, find out if it is applicable in the 
respective local circumstances and patient popu- 
lation, and then be consistent in the daily routine. 
Only if these are used prudently, they have the 
chance to improve patient care and reduce inva- 
siveness (and potentially costs). 


Take Away 

Various guidelines and suggestion exist 
with sometimes differing implications and 
recommendation — partially depending on 
which group has issued them for which 
purpose. They often are more experience- 
and eminence-based, as evidence is scarce 
for many pediatric queries. And above all, 
the individual patient care is the most 
important aspect governing imaging — 
trying to be as little burdening and invasive 
as possible without missing a possibly 
treatable condition that might impact 
morbidity. 


768 


Conclusion 

Interdisciplinary communication and cooper- 
ation are necessary for optimal treatment of 
children with renal disorders where imaging 
significantly contributes to management. 

Infants and children with UTI need appro- 
priate treatment. Antibiotic prophylaxis is rec- 
ommended in selected cases, but imaging is 
required in all. Renal scarring following UTI is 
equally found in patients with and without 
VUR. Prospective studies eventually modify- 
ing the current treatment of infants and children 
with VUR are welcome. Long-term renal mor- 
bidity is significant, and prevention of renal 
damage is the ultimate goal. It is not an option 
to reduce all imaging to detect VUR nearly to 
zero. Not to identify children with dilating 
VUR and a high risk for renal compromise may 
increase long-term renal morbidity. 

Fetal UTD frequently is a transient feature, 
but postpartum renal US is needed in all with 
a significant distention. The majority of 
infants with significant postpartum findings 
have PUJO. Follow-up studies with renal US 
and isotope investigations (or f{MRU) decide 
between the more frequently applied “wait 
and see strategy” and surgery. 

Guidelines and recommendations are impor- 
tant for the daily routine and are permanently 
influenced by the results of new research, thus 
they need revisiting and updates. They should be 
appropriate for most countries and centers, and 
evidence based — if available (which is only rarely 
the case in pediatric radiology). Modifications 
according to preferences of single centers and 
necessities of the individual patient (“‘personal- 
ized medicine”) are acceptable unless the timely 
treatment and long-term prognosis of the neo- 
nates, infants, and children are not challenged. 


References 


Al-Sayyad AJ, Pike JG, Leonard MP (2005) Can prophy- 
lactic antibiotics safely be discontinued in children 
with vesicoureteral reflux? J Urol 174:1587-1589 

American Academy of Pediatrics. Committee on Quality 
Improvement. Subcommittee on Urinary Tract Infection 
(1999) Practice parameter: the diagnosis, treatment, and 


M. Riccabona et al. 


evaluation of the initial urinary tract infection in febrile 
infants and young children. Pediatrics 103:843-852 

American Academy of Pediatrics (2011) Urinary tract 
infection: clinical practice guideline for the diagnosis 
and management of the initial UTI in febrile infants 
and children 2 to 24 months. Pediatrics 128:595-610 

Amerstorfer EE, Haberlik A, Riccabona M (2015) Imaging 
assessment of renal injuries in children and adolescents: 
CT or ultrasound? Eur J Pediatr Surg 50:448-455 

Ardissino G, Dacco V, Testa S et al (2003) Epidemiology 
of chronic renal failure in children: data from the 
ItalKid project. Pediatrics 111:382-387 

Beetz R (2006) May we go on with antibacterial pro- 
phylaxis for urinary tract infections? Pediatr Nephrol 
21:5-13 

Beetz R, Mannhardt W, Fisch M et al (2002) Long-term 
follow-up of 158 young adults surgically treated for 
vesicoureteral reflux in childhood: the ongoing risk of 
urinary tract infections. J Urol 168:704-707 

Bouissou F, Munzer C, Decramer S et al (2008) 
Prospective, randomized trial comparing short 
and long intravenous antibiotic treatment of acute 
pyelonephritis in children: dimercaptosuccinic acid 
scintigraphic evaluation at 9 months. Pediatrics 
121(3):e553-e560 

Capello SA, Kogan BA, Giorgi LJ Jr et al (2005) Prenatal 
ultrasound has led to earlier detection and repair of ure- 
teropelvic junction obstruction. J Urol 174:1425-1428 

Capozza N, Lais A, Matarazzo E et al (2003) Treatment 
of vesico-ureteric reflux: a new algorithm based on 
parental preference. BJU Int 92:285-288 

Capozza N, Caione P (2007) Vesicoureteral reflux: sur- 
gical and endoscopic treatment. Pediatr Nephrol 
22:1261-1265 

Cassart M, Massez A, Metens T etal (2004) Complementary 
role of MRI after sonography in assessing bilateral 
urinary tract anomalies in the fetus. Am J Roentgenol 
182:689-695 

Cohen AL, Rivara FP, Davis R et al (2005) Compliance 
with guidelines for the medical care of first urinary 
tract infections in infants: a population-based study. 
Pediatrics 115:1474-1478 

Conway PH, Cnaan A, Zaoutis T, Henry BV, Grundmeier 
RW, Keren R (2007) Recurrent urinary tract infections 
in children: risk factors and association with prophy- 
lactic antimicrobials. JAMA 298:179-186 

Cooper CS, Chung BI, Kirsch AJ et al (2000) The outcome 
of stopping prophylactic antibiotics in older children 
with vesicoureteral reflux. J Urol 163:269-272 

De Palma D, Manzoni G (2013) Different imaging strat- 
egies in febrile urinary tract infection in childhood. 
What, when, why? Pediatr Radiol 43:436-443 

Dejter SW Jr, Gibbons MD (1989) The fate of infant kid- 
neys with fetal hydronephrosis but initially normal 
postnatal sonography. J Urol 142:661-662 

Dhillon HK (1998) Prenatally diagnosed hydronephrosis: 
the great ormond street experience. BJU Int 81(Suppl 
2):39-44 

Elder JS, Peters CA, Arant BS Jr et al (1997) Pediatric 
vesicoureteral reflux guidelines panel summary report 


Clinical Management of Common Nephrourologic Disorders (Guidelines and Beyond) 


769 


on the management of primary vesicoureteral reflux in 
children. J Urol 157:1846-1851 

Fanos V, Cataldi L (2004) Antibiotics or surgery for vesi- 
coureteric reflux in children. Lancet 364:1720-1722 

Fernbach SK, Maizels M, Conway JJ (1993) Ultrasound 
grading of hydronephrosis: introduction to the system 
used by the society for fetal urology. Pediatr Radiol 
23:478-480 

Garin EH, Olavarria F, Nieto VC et al (2006) Clinical sig- 
nificance of primary vesicoureteral reflux and urinary 
antibiotic prophylaxis after acute pyelonephritis: a 
multicenter, randomized, controlled study. Pediatrics 
117:626-632 

Gordon I, Barkovics M, Pindoria S et al (2003) Primary 
vesicoureteric reflux as a predictor of renal damage 
in children hospitalized with urinary tract infection: 
a systematic review and meta-analysis. J Am Soc 
Nephrol 14:739-744 

Hansson S, Bollgren I, Esbjorner E et al (1999) Urinary 
infections in children below two years of age: a qual- 
ity assurance project in Sweden. The swedish pediatric 
nephrology association. Acta Paediatr 88:270-274 

Hansson S, Dhamey M, Sigstr6m O et al (2004) 
Dimercaptosuccinic acid scintigraphy instead of void- 
ing cystourethrography for infants with urinary tract 
infection. J Urol 172:1071-1074 

Hellerstein S (2006) Acute urinary tract infection—evalua- 
tion and treatment. Curr Opin Pediatr 18:134—138 

Hellerstein S, Nickell E (2002) Prophylactic antibiotics 
in children at risk for urinary tract infection. Pediatr 
Nephrol 17:506-510 

Hoberman A, Charron M, Hickey RW et al (2003) 
Imaging studies after first febrile urinary tract infec- 
tion in young children. N Engl J Med 348:195—202 

Hollowell JG (2002) Screening siblings for vesivoureteral 
reflux. J Urol 168:2138-2141 

Hörmann M, Brugger PC, Balassy C et al (2006) Fetal 
MRI of the urinary system. Eur J Radiol 57:303-311 

Ismaili K, Avni FE, Piepsz A et al (2004) Current man- 
agement of infants with fetal renal pelvis dilatation: 
a survey by French-speaking pediatric nephrologists 
and urologists. Pediatr Nephrol 19:966-971 

Ismaili K, Hall M, Piepsz A et al (2006) Primary vesico- 
ureteral reflux detected in neonates with a history of 
fetal renal pelvis dilatation: a prospective clinical and 
imagig study. J Pediatr 148:222—227 

Jodal U (1987) The natural history of bacteriuria in child- 
hood. Infect Dis North Am 1:713-729 

Jodal U, Lindberg U (1999) Guidelines for management 
of children with urinary tract infection and vesico- 
ureteric reflux. Recommendations from a Swedish 
state-of-the-art conference. Acta Paediatr 88(Suppl 
431):87-89 

Jodal U, Smellie JM, Lax H et al (2006) Ten-year 
results of randomized treatment of children with 
severe vesicoureteral reflux. Final report of the 
international reflux study in children. Pediatr 
Nephrol 21:785—792 

John U et al (2004) The impact of fetal renal pelvic diam- 
eter on postnatal outcome. Prenat Diagn 24:591-595 


Jungers P, Houillier P, Chauveau D et al (1996) Pregnancy 
in women with reflux nephropathy. Kidney Int 
50:593-599 

Kaneko K, Ohtomo Y, Shimizu T et al (2003) Antibiotic 
prophylaxis by low-dose cefaclor in children with ves- 
icoureteral reflux. Pediatr Nephrol 18:468-470 

Köhler J, Tencer J, Thysell H et al (1997) Vesicoureteral 
reflux diagnosed in adulthood. Incidence of urinary tract 
infections, hypertension, proteinuria, back pain and 
renal calculi. Nephrol Dial Transplant 12:2580-2587 

La Scola C, De Mutiis C, Hewitt IK et al (2013) Different 
guidelines for imaging after first UTI in febrile infants: 
yield, cost, and radiation. Pediatrics 131:e665—-e671 

Lee RS, Cendron M, Kinnamon DD et al (2006a) 
Antenatal hydronephrosis as a predictor of postnatal 
outcome: a meta-analysis. Pediatrics 118:586-593 

Lee RS, Diamond DA, Chow JS (2006b) Applying the 
ALARA concept to the evaluation of vesicoureteric 
reflux. Pediatr Radiol 36(Suppl 2):185—191 

Lidefelt KJ, Ek S, Mihocsa L (2006) Is screening for vesi- 
coureteral reflux mandatory in infants with antenatal 
renal pelvis dilatation? Acta Paediatr 95:1653-1656 

Mak RH, Kuo HJ (2006) Pathogenesis of urinary tract 
infection: an update. Curr Opin Pediatr 18:148-152 

Malone PSJ (2005) Circumcision for preventing urinary 
tract infection in boys: European view. Arch Dis Child 
90:774-774 

Marcus N, Ashkenazi S, Yaari A, Samra Z, Livni G 
(2005) Non-Escherichia coli versus Escherichia coli 
community-acquired urinary tract infections in children 
hospitalized in a tertiary centre: relative frequency, risk 
factors, anti-microbial resistance and outcome. Pediatr 
Infect Dis J 24:581-585 

Marks SD, Gordon I, Tullus K (2008) Imaging in child- 
hood urinary tract infections: time to reduce investiga- 
tions. Pediatr Nephrol 23:9-17 

Marks SD (2007) How have the past 5 years of research 
changed clinical practice in paediatric nephrology? 
Arch Dis Child 92:357-361 

Marra G, Oppezzo C, Ardissino G et al (2004) Severe ves- 
icoureteral reflux and chronic renal failure: a condition 
peculiar to male gender? data from the ItalKid project. 
J Pediatr 144:677-68 1 

McDonald K, Kenney I (2014) Being NICE to Paediatric 
UTIs: a retrospective application of the NICE guide- 
lines to a large general practitioner referred historical 
cohort. Pediatr Radiol 44:1085-—1092 

Montini G, Rigon L, Zucchetta P et al (2008) Prophylaxis 
after the first febrile urinary tract infection in children? 
a multicenter, randomized, controlled, noninferiority 
trial. Pediatrics 122:1064—-1071 

Moorthy I, Easty M, McHugh K et al (2005) The presence 
of vesicoureteric reflux does not identify a population 
at risk for renal scarring following a first urinary tract 
infection. Arch Dis Child 90:733-736 

Mor Y, Leibovitch I, Zalts R et al (2003) Analysis of 
the longterm outcome of surgically corrected vesico- 
ureteric reflux. BJU Int 92:97-100 

Mulvey MA, Schilling JD, Martinez JJ et al (2000) Bad 
bugs and beleaguered bladders: interplay between 


770 


uropathogenic escherichia coli and innate host 
defenses. Proc Natl Acad Sci U S A 97:8829-8835 

National Institute for Health and Clinical Excellence 
(2007) Urinary tract infection in children: diagnosis, 
treatment and long-term management. 2007. http:// 
www.nice.org.uk/nicemedia/pdf/CG54fullguideline. 
pdf 

Nguyen HT, Benson CB, Bromley B, Campbell JB, 
Chow J, Coleman B, Cooper C, Crino J, Darge K, 
Herndon CDA, Odibo AO, Somers MJG, Stein DR 
(2014) Multidisciplinary consensus on the classi- 
fication of prenatal and postnatal urinary tract dila- 
tion (UTD classification system). J Pediatr Urol 
10(6):982—998 

Nuutinen M, Uhari M (2001) Recurrence and follow-up 
after urinary tract infection under the age of | year. 
Pediatr Nephrol 16:69-72 

Ogan K, Pohl HG, Carlson D et al (2001) Parental pref- 
erences in the management of vesicoureteral reflux. 
J Urol 166:240-243 

Onen A, Jayanthi VR, Koff SA (2002) Long-term follow- 
up of prenatally detected severe bilateral newborn 
hydronephrosis initially managed nonoperatively. 
J Urol 168:1118-1120 

Pennesi M, Travan L, Peratoner L et al (2008) Is anti- 
biotic prophylaxis in children with vesicoureteral 
reflux effective in preventing pyelonephritis and 
renal scars? a randomized, controlled trial. Pediatrics 
121:e1489-e1494 

Peters CA, Skoog SJ, Arant BS Jr et al (2010) Summary 
of the AUA guideline on management of primary vesi- 
coureteral reflux in children. J Urol 184:1134-1144 

Puri P, Pirker M, Mohanan N et al (2006) Subureteral dex- 
tranomer/hyaluronic acid injection as first line treat- 
ment in the management of high grade vesicoureteral 
reflux. J Urol 176:1856-1859 

Riccabona M (2016) Imaging in childhood urinary 
tract infection. Radiol Medica 121(3):238-239. 
doi: 10.1007/s11547-015-0594-1 

Riccabona M, Fotter R (2004a) Reorientation and future 
trends in paediatric uroradiology. Pediatr Radiol 
34:295-301 

Riccabona M, Fotter R (2004b) Urinary tract infection 
in infants and children: an update with special regard 
to the changing role of reflux. Eur Radiol 14(Suppl 
4):L78-L88 

Riccabona M, Avni FE, Blickman JG, Darge K, Dacher 
JN, Lobo LM, Willi U (2008) Imaging recommen- 
dations in paediatric uroradiology: minutes of the 
ESPR workgroup session on urinary tract infection, 
fetal hydronephrosis, urinary tract ultrasonography 
and voiding cysto-urethrography. ESPR-Meeting, 
Barcelona/Spain, June 2007. ESUR Paediatric guide- 
line subcommittee and ESPR paediatric uroradiology 
work group. Pediatr Radiol 38:138-145 

Riccabona M, Avni FE, Blickman JG, Dacher JN, Darge 
K, Lobo ML, Willi U (2009) (Members of the ESUR 
paediatric paediatric recommendation work group and 
ESPR paediatric uroradiology work group). Imaging 
recommendations in paediatric uroradiology, part II: 


M. Riccabona et al. 


urolithiasis and haematuria in children, paediatric 
obstructive uropathy, and postnatal work-up of foe- 
tally diagnosed high grade hydronephrosis. Minutes 
of a mini-symposium at the ESPR annual meeting, 
Edinburg, June. Pediatr Radiol 39 (8):89 1-898 
Riccabona M, Avni FE, Dacher JN, Damasio B, Darge 
K, Lobo ML, Ording-Miiller LS, Papado-polos F, 
Willi U (2010) ESPR uroradiology task force and 
ESUR paediatric working group: Imaging and pro- 
cedural recommendations in paediatric uroradiology, 
Part II. Minutes of the ESPR uroradiology task force 
mini-symposium on intravenous urography, uro- 
CT and MR-urography in childhood. Pediatr Radiol 
40(7):13 15-1320 
Riccabona M, Avni F, Dacher JN, Damasio B, Darge 
K, Lobo ML, Ording-Miiller LS, Papado-poulou 
F, Vivier P, Willi U (2011) ESPR uroradiology task 
force and ESUR paediatric working group: imaging 
recommendations in paediatric uroradiology, part IV 
minutes of the ESPR urora-diology task force mini- 
symposium on imaging in childhood renal hyperten- 
sion and imaging of renal trauma in children. Pediatr 
Radiol 41(7):939-944 
Riccabona M, Avni F, Damasio B, Ordning-Mueller 
LS, Lobo ML, Darge K, Papadopoulou F, Willi U, 
Blickmann J, Vivier PH (2012) ESPR uroradiology 
task force and ESUR paediatric working group - 
imaging recommendations in paediatric uroradiology, 
part V: childhood cystic kidney disease, childhood 
renal transplantation, and contrast-enhanced ultra- 
sound in children. Pediatr Radiol 42:1275—1283 
Riccabona M, Lobo ML, Willi U, Avni F, Blickmann 
J, Damasio B, Ordning-Mueller LS, Darge K, 
Papadopoulou F, Vivier PH (2014a) ESPR uroradiol- 
ogy task force and ESUR paediatric working group - 
imaging recommendations in paediatric uroradiology, 
part VI: childhood renal biopsy and imaging of neona- 
tal and infant genital tract. Pediatr Radiol 44:496-502 
Riccabona M, Vivier HP, Ntoulj A, Darge K, Avni F, 
Papadopoulou F, Damasio B, Ording-Mueller LS, 
Blickman J, Lobo ML, Willi U (2014b) ESPR uro- 
radiology task force — imaging recommendations in 
paediatric uroradiology - part VII: standardized ter- 
minology, impact of existing recommendations, and 
update on contrast-enhanced ultrasound of the pae- 
diatric urogenital tract. Pediatr Radiol 44: 1478-1484 
Riccabona M, Darge K, Lobo ML, Ording-Muller LS, 
Augdal TA, Avni FE, Blickman J, Damasio BM, Ntoulia 
A, Papadopoulou F, Vivier PH, Willi U (2015) ESPR 
Uroradiology Task Force — imaging recommendations 
in paediatric uroradiology — part VII: rethrograde 
urethrography, imaging in disorders of sexual devel- 
opment, and imaging in childhood testicular torsion. 
Report on the mini-symposium at the ESPR meeting in 
Amsterdam, June 2014. Pediatr Radiol 45:2023-2028 
Riccabona M, Lobo ML, Ording-Mueller LS et al (2017) 
ESPR Abdominal (GU and GI) Imaging Task Force — 
Imaging Recommendations in Paediatric Uroradiology, 
Part IX: imaging in anorectal and cloacal malforma- 
tion, imaging in childhood ovarian torsion, and efforts 


Clinical Management of Common Nephrourologic Disorders (Guidelines and Beyond) 


771 


in standardising pediatric uroradiology terminology. 
Report on the mini-symposium at the ESPR meeting in 
Graz, June 2015, Pediatr Radiol 47; in press 

Ring E, Mache CJ, Vilits P (2002) Future expecta- 
tions - what paediatric nephrologists and urologists 
await from paediatric uroradiology. Eur J Radiol 
43:94-99 

Ring E, Petritsch P, Riccabona M et al (1993) Primary 
VUR in infants with a dilated fetal urinary tract. Eur 
J Pediatr 152:523-525 

Ring E, Zobel G (1988) Urinary infection and malfor- 
mations of urinary tract in infancy. Arch Dis Child 
63:818-820 

Royal College of Physicians (1992) Guidelines for the 
management of acute urinary tract infection in child- 
hood. Report of a working group of the research unit, 
royal college of physicians. J R Coll Physicians Lond 
25:36-42 

Saadeh SA, Mattoo TK (2011) Managing urinary tract 
infections. Pediatr Nephrol 26:1967-1976 

Saemann MC, Weichhart T, Horl WH et al (2005) 
Tamm- Horsfall protein: a multilayered defence mol- 
ecule against urinary tract infection. Eur J Clin Invest 
35:227-235 

Schwab CW Jr, Wu HY, Selman H, Smith GH, Snyder 
HM III, Canning DA (2002) Spontaneous resolution 
of vesico-ureteric reflux: a 15 year perspective. J Urol 
168:2594—2599 

Schoen EJ (2005) Circumcision for preventing urinary 
tract infection in boys: north American view. Arch Dis 
Child 90:772-773 

Sidhu G, Beyene J, Rosenblum ND (2006) Outcome of 
isolated antenatal hydronephrosis: a systematic review 
and meta-analysis. Pediatr Nephrol 21:218-224 

Smellie JM, Barratt TM, Chantler C et al (2001) Medical 
versus surgical treatment in children with severe bilat- 
eral vesicoureteric reflux and bilateral nephropathy: a 
randomised trial. Lancet 357:1329-1333 

Song SH, Lee SB, Park YS et al (2007) Is antibiotic pro- 
phylaxis necessary in infants with obstructive hydro- 
nephrosis? J Urol 177:1098-1101 

Roberts KB, Subcommittee on Urinary Tract Infection, 
Steering Committee on Quality Improvement and 
Management (2011) Urinary tract infection: clinical 
practice guideline for the diagnosis and management 
of the initial UTI in febrile infants and children 2 to 24 
months. Pediatrics 128:595-610 

The RIVUR Trial Investigators (2014) Antimicrobial 
prophylaxis for children with vesicoureteral reflux. N 
Engl J Med 370:2367—2376 

Thompson M, Simon SD, Sharma V et al (2005) Timing of 
follow-up voiding cystourethrogram in children with 


primary vesicoureteral reflux: development and appli- 
cation of a clinical algorithm. Pediatrics 115:426-434 

Thompson RH, Chen JJ, Pugach J et al (2001) Cessation 
of prophylactic antibiotics for managing persistent 
vesicoureteral reflux. J Urol 166:1465—-1469 

Thorup J, Jokela R, Cortes D et al (2003) The results of 
15 years of consistent strategy in treating antenatally 
suspected pelvi-ureteric junction obstruction. BJU Int 
91:850-852 

Toiviainen-Salo S, Garel L, Grignon A et al (2004) Fetal 
hydronephrosis: is there hope for consensus? Pediatr 
Radiol 34:519-529 

Tsai JD, Huang CT, Lin PY et al (2012) Screening high 
grade vesicoureteral reflux in young infants with a febrile 
urinary tract infection. Pediatr Nephrol 27:955—963 

Tse NK, Yuen SL, Chiu MC, Lai WM, Tong PC (2009) 
Imaging studies for first urinary tract infection in 
infants less than 6 months old: can they be more selec- 
tive? Pediatr Nephrol 24:1699-1703 

Tseng MH, Lin WJ, Lo WT et al (2007) Does a normal 
DMSA obviate the performance of voiding cystoure- 
thrography in evaluation of young children after their 
first urinary tract infection? J Pediatr 150:96-99 

Ulman I, Venkata R, Jayanthi R et al (2000) The long- 
term follow-up of newborns with severe unilateral 
hydronephrosis initially treated nonoperatively. J Urol 
164:1101-1105 

Vivier PH (2015) How to report using standardised termi- 
nology. Pediatr Radiol 45(S2):S 269-S 270 

Wennerström M, Hansson S, Jodal U et al (2000) Primary 
and acquired renal scarring in boys and girls with uri- 
nary tract infection. J Pediatr 136:30-34 

Wheeler D, Vimalachandra D, Hodson EM, Roy LP, 
Smith G, Craig JC (2003) Antibiotics and sur- 
gery for vesicoureteric reflux: a meta-analysis 
of randomised controlled trials. Arch Dis Child 
88:688-694 

Williams G, Lee A, Craig J (2001) Antibiotics for the pre- 
vention of urinary tract infection in children: a system- 
atic review of randomized controlled trials. J Pediatr 
138:868-874 

Xhepa R, Bosio M, Manzoni G (2004) Voiding cysto- 
urethrosonography for the diagnosis of vesicoure- 
teral reflux in a developing country. Pediatr Nephrol 
19:638-643 

Yeung CK, Godley ML, Dhillon HK et al (1997) The 
characteristics of primary vesico-ureteric reflux in 
male and female infants with pre-natal hydronephro- 
sis. BJU Int 80:319-327 

Ylinen E, Ala-Houhala M, Wikstrom S (2004) Outcome 
of patients with antenatally detected pelviureteric 
junction obstruction. Pediatr Nephrol 19:880-887 


Normal Values 


Check for 
updates 


Ekkehard Ring, Hans-Joachim Mentzel, 
and Michael Riccabona 


Contents 
1 Tntrod ction... eee ececeeseeteseeeeeeneeeneens 7713 
2 Physiologic Data... ceceeseeeeteeeeeeeeeees 773 
3 Laboratory Values...............ccccceeeseeseseesesees 774 
3.1 Serum Creatinine and Cystatin C... . 774 
3.2 Combined Serum and Urinary Values.............. 774 
3.3 Clearance (C), Glomerular Filtration 

Rte (OP sicciiianuniiahonuradiaaeniensl 7715 
SA Fractional ECret Ott sasits TAF 
4 Radiological Data................cccceeeseseeeeeeseees T18 


4.1 
4.2 
4.3 


Ulirasonopraphi yain 
Voiding Cystourethrography... . 
Other Methods. sunan 


Referentes eioi aiarra 


E. Ring, MD (Retired) 

Department of Pediatrics, Division of General 
Pediatrics, University Hospital Graz, 
Auenbruggerplatz 30, A-8036 Graz, Austria 
e-mail: ekkehard.ring @medunigraz.at 


H.-J. Mentzel, MD 

Section of Paediatric Radiology, Institute of 
Diagnostic and Interventional Radiology, University 
Hospital Jena, Erlanger Allee 101, D-07740 Jena, 
Germany 

e-mail: Hans-Joachim.Mentzel @ med.uni-jena.de 


M. Riccabona, MD (È<) 

Department of Radiology, Division of Pediatric 
Radiology, University Hospital Graz, 
Auenbruggerplatz 34, A-8036 Graz, Austria 
e-mail: michael.riccabona@ medunigraz.at 


© Springer International Publishing AG, part of Springer Nature 2018 


1 Introduction 


Correct interpretation of different data in disease 
states requires comparison with data obtained in 
anormal situation. This is valid especially during 
childhood as, for example, a given value may be 
normal for an adolescent but is pathologic for an 
infant. Selected data important for daily routine 
are discussed in this chapter. For some data, the 
reader is referred to other chapters of this book. 
Comments are added where appropriate. 
However, as intrinsically with all measurements, 
they always have to be seen in the individual con- 
text taking variability and assessment restrictions 
into consideration; calculating mean values from 
several measurements will help to reduce errors. 
A properly standardized initial technique how- 
ever is mandatory, though even this approach 
may reveal some variance of measurements taken 
from the same object during the same investiga- 
tion (e.g., sonographically measured kidney 
length, particularly if taken from different access 
or positions). 


2 Physiologic Data 


Percentiles for body length and body weight, as 
well as normograms to calculate body surface 
area (BSA), are found in most pediatric textbooks 
or as charts in every pediatric department. 
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Table 1 Normal heart rate in children: variations accord- 
ing to age 


Age | Mean heart rate (bpm) Range 
Neonates |123 (88-168) 
1-3 weeks |148 | (96-188) 
1-12 months |137 | (100-176) 
‘1-2 years [119 | (68-165) 

3—4 years |108 (68-145) 
5-7 years |100 | (60-139) 
8-11 years jor [61-145 
12-15 years |85 [61-133 


Table 2 Mean systolic blood pressure during the first 
week of life 


Gestational age | Mean systolic blood pressure 


<29 weeks 45-57 mmHg 
29-32 weeks | 50-62 mmHg 
33-36 weeks | 58-69 mmHg 
>37 weeks | 66-77 mmHg 


A simple estimation of BSA is possible with an 
empirically derived formula. 


BSA(m’) = square root of body weigatl ke) 
body length(cm) / 3600 

Heart rate in children (Table 1) depends on age 
and factors like sleep, excitement, intravascular 
volume, or cardiac function. This, as well as many 
other systemic factors such as intravascular vol- 
ume or vaso-active drugs need to be considered 
for correct interpretation of values obtained by 
Doppler sonography such as resistive index (RI). 

Blood pressure in neonates depends on the 
gestational age (Table 2). Later, blood pressure is 
influenced by age, gender, and height adjusted to 
the height percentile at a given age. Figure la, b 
show the upper limit of normal blood pressure 
related to gender, age, and 5th, 50th, and 95th 
height percentile. 


3 Laboratory Values 


Two different units are used worldwide for 
reporting laboratory values, conventional units, 
and SI units. Table 3 shows some frequently 
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needed data and the conversion factors between 
the units. Conventional units have to be multi- 
plied to get SI units. SI units divided by the con- 
version factor lead to conventional units. 


Serum Creatinine 
and Cystatin C 


3.1 


Determining serum creatinine is of utmost impor- 
tance in calculating renal function. Normal val- 
ues vary strongly with age and this is shown in 
Table 4 and in Fig. 2. Note that creatinine derives 
from the metabolism of muscle cells thereby 
reflecting the muscle mass of the body. Children 
with muscle deficit like neuromuscular disorders 
(cerebral palsy, muscle dystrophy, and atrophy), 
dystrophy, anorexia, or oncologic disorders have 
lower normal values of creatinine. Yet no stan- 
dardized values for these subgroups of children 
exist. 

Cystatin C (CysC) is a small protein produced 
by all nucleated cells in a constant rate, excreted 
exclusively by glomerular filtration, and totally 
reabsorbed and degraded in the tubular cells. 
Normally, there is no excretion into the urine. 
Not all laboratories measure CysC and determi- 
nation is more expensive than measuring creati- 
nine. Yet CysC seems to reflect renal function 
and minor variations better than creatinine. It is a 
reasonable alternative in selected situations (such 
as borderline renal function or malnourished 
children with malignancies). Beyond infancy, 
CysC values are mostly independent from age, 
gender, body length, and of muscle mass. The 
normal value measured by a nephelometric assay 
is 0.62-1.11 mg/L, but different laboratory kits 
have to be considered. 

Additional important blood and urine values 
are shown in Tables 5, 6, 7, 8, and 9. 


3.2 Combined Serum and Urinary 


Values 


Combined determination of serum and urinary 
values of markers allow for refinement in 
determination of different renal functions. 
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~ [Systolic 


Blood presure (mm Hg) 


Fig. 1 Normograms for systolic and diastolic blood pres- 
sure in boys (a) and girls (b). The upper limit of normal 
blood pressure (95th percentile) is shown according to age 
and percentile for body length (Sth, 50th, and 95th percen- 


Table 3 Conversion table to standard international (SI) 
units for commonly used parameters 


8 10 
Age (years) 


tiles are shown) (Adapted from: The Fourth Report on the 
Diagnosis, Evaluation, and Treatment of High Blood 
Pressure in Children and Adolescents (2004)) 


Table 4 Serum creatinine values in preterm and term 
neonates during the first 3 weeks of life 


2 weeks | 3 weeks 
Preterm 1.10 0.72 0.55 0.40 
1,000-1,500 g 
Preterm ii 0.65 | 0.56 0.34 
1,500-2,000 g 
Preterm ia 0.53 | 0.43 0.34 
2,000-2,500 g 
Full term [0.75 |045 [0.34 0.31 


Adapted from Bueva and Guignard (1994) 
Mean values, mg/dl 


—®=— boys 


== girls 


Conversion | SI 
Component Present unit | factor unit 
Erythrocytes per mm? 1 10%/ 
Leucocytes per mm? 1 10% 
Platelet count 10°/mm? 1 10 
Calcium mg/dl 0.2495 | mmol/l 
Phosphorus mg/dl 0.3229 | mmol/l 
Creatinine mg/dl 88.4 pmol/l 
Urea nitrogen mg/dl 0.357 | mmol/l 
Uric acid mg/dl 59.48 | mmol/l 
1,3 
_ 1,2 
> 1,1 
2 1 
-z 0,9 
Fos 
g 07 
Fig.2 Serum creatinine 206 = 
values (upper limit of a. W4 
normal) during childhood 0,5 
and adolescence (Adapted 0,4 T T T T 
from Schwartz et al. 1 2 3 4 5 


(1976)) 


Calculating clearance and excretion values is 
possible. These calculations are extremely 
dependent on urine collection, which may be 
inappropriate. Formulas without the need for 
urine collection are derived to overcome this 
problem. 


T T T T ui T T T T T T 1 
6 7 8 9 10 11 12 13 14 15 16 17 18 
Age (years) 


3.3 Clearance (C), Glomerular 


Filtration Rate (GFR) 


Clearance is defined as the blood volume being 
cleared of a substance during a certain time. The 
general clearance formula is U/PxV, where U 
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Table 5 Selected blood values at different ages 
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Neonates Infants Age 1-6 years Age 6-16 years 
Leukocytes/mm* 9,000-30,000 6,000-17,500 5,000—15,000 4,500-13,000 
Erythrocytes_10°/mm* 4.2-5.8 3.1—4.6 3.7-5.1 3.9-5.3 
Hemoglobin (g/dl) 14.00-20.0 11.0-13.5 11.5-13.5 11.5-15.5 
Platelet count_10°/mm? 150-350 - 140-440 - 


Table6 Selected serum values at different ages 


Neonates Infants Age 1-6 years Age 6-16 years 
Sodium (mmol/l) 130-143 - 135-145 - 
Potassium (mmol/l) 3.7-5.9 3.9-5.5 3.5-5.0 - 
Calcium (mmol/l) 1.9-2.9 — 2.2-2.7 = 
Phosphorus (mmol/l) 1.3-2.3 1.25-2.0 1.1-1.75 1.0-1.7 
Urea (mg/dl) 10-30 - 10-40 - 
Uric acid (mg/dl) 3.6-6.0 - 3.0-6.4 - 
Total protein (g/dl) 5.6-8.0 5.6-7.4 5.8-8.0 6.4-8.2 
Table 7 Urine values — commonly used parameters 
Normal Questionable Pathologic 
Leucocytes/mm* <10 >10 
Erythrocytes/mm?* <5 5-10 >10 
Bacteriuria (bacterial count/ml urine) 
Normal Pathologic 
Bag urine specimen <105 >106 
Mid-stream collection <104 >105 
Bladder catheterization <103 >104 
Suprapubic aspiration No bacteria Each count 


Table 8 Proteinuria — normal values and findings for 


Table 9 Urinary excretion 


of electrolytes — normal 


typical conditions values 
Level of proteinuria Values Electrolytes Values 
24-h collection Sodium 2—4 mmol/kg per day 
Normal <4 mg/m? per h Potassium 1-2 mmol/kg per day 
Significant proteinuria 440 mg/m’ per h Calcium <0.1 mmol/kg per day 
Nephrotic range proteinuria | >40 mg/m? per h Calcium in spot urine 


Spot urine (urine protein/creatinine ratio) <1 year <1.0 mmol/mmol creatinine 
Normal <0.2 mg/mg >l year <0.6 mmol/mmol creatinine 
Minimal proteinuria 0.2-0.5 mg/mg 
Moderate proteinuria 0.5-2.0 mg/mg 
Nephrotic range proteinuria | >2.0 mg/mg with a stable plasma concentration is exclusively 


and P indicate urinary and plasma (serum) con- 
centrations of a substance, and V is urinary 
volume mostly in 24 h. Correction for time (min- 
ute) and BSA are easy to calculate. If a substance 


excreted by glomerular filtration and not modi- 
fied or metabolized by the tubular system, the 


amount found in urine is equal to the filtered 
amount meaning the glomerular filtration rate 
(GFR). Inulin is such an ideal substance and 
inulin clearance is the gold standard for measur- 


Normal Values 


ing GFR. Iohexol or nuclear medicine substances 
like °'Cr-EDTA could be an alternative. All these 
methods are time consuming, invasive, may 
cause radiation exposure, etc., and are not feasi- 
ble for daily routine. Creatinine and creatinine 
clearance are the most widely used markers to 
measure GFR. CysC is no alternative as it is not 
found in urine. 
Uxa XV (min 24h)x1.73 


Cona ml/min /1.73m° ) = P. x24x60xBSA (m?) 


crea 


The creatinine clearance roughly equals the 
GFR. The tubular secretion of creatinine leads to 
an overestimation of GFR in chronic renal failure 
where GFR is used to define the five stages of 
chronic kidney disease shown in Table 10 (K/ 
DOQI 2002; KDIGO 2013). Children <2 years of 
age do not apply to the five stages and should be 
categorized as having normal, moderately reduced, 
or severely reduced GFR. Age dependent normal 
values of creatinine clearance are shown in 
Table 11. 

GFR estimation models (eGFR) obviating 
urine sampling were developed to improve cor- 
rect GFR determination. Some formulae use cre- 
atinine, some CysC, and some complex formula 
both markers (Filler et al. 2012). The Schwartz 
formula is most frequently used in pediatric 
nephrology and is shown in Table 12 (Schwartz 
et al. 1976). 

Tf the local laboratory uses the enzymatic method 
for determination of serum creatinine instead of the 
kinetic Jaffe method, the new adapted Schwartz for- 
mula should be used: eGFR=0.413 xheight/crea 
(mg/dl) (Schwartz et al. 2009). 

CysC based formulae or complex formulae 
may offer advantages over the Schwartz formula 
and two simple CysC formulae are shown: 


Formula of Le Bricon: eGFR = (78/CysC) + 4. 
(Le Bricon et al. 2005) 

Formula of Bökenkamp: eGFR = 137/CysC — 
20.4. (Bökenkamp et al. 1998) 

For additional formulae, the reader is referred to 
three recent publications (Bacchetta et al. 
2011; Filler et al. 2012; Andersen et al. 2013). 
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Table 10 Stages of chronic kidney disease (CKD) 
according to GFR 


CKD/GFR |GFR 

category (ml/min/1.73 m?)| Terms 

Gl >90 [Normal or high 

G2 60-89 Mildly decreased 

G3a 45-59 Mildly to moderately 
decreased 

G3b 30-44 Moderately to 
severely decreased 

G4 15-29 Severely decreased 
G5 <15 Kidney failure 


Table 11 Normal values of creatinine clearance 


Age group | Values 

Neonates 10-20 ml/min per 1.73 m? 
Infants | 20-40-60 ml/min per 1.73 m? 
1-18 years | 80-140 ml/min per 1.73 m? 


Table 12 The adapted Schwartz formula applicable for 
calculating pediatric GFR values GFR ( ml/min/1.73 m° ) = 
Body length (cm) x k 


Serum creatinine (mg /dlor mol/ L) 


Table of k | Crea (mg/dl)| Crea (umol/L) 
Low birth weight [0.33 [29.2 

infants <1 year 

Term infants <1 year 0.45 39.8 

Children 2-12 years 0.55 48.6 

Girls 13-18 years 0.55 48.6 

Boys 13-18 years 0.70 61.9 


3.4 Fractional Excretion 

Calculation of fractional excretion (FE) makes it 
possible to study certain tubular functions. 
“Fractional” means relative to creatinine. Most 
frequently, the FE of sodium (FEy,) is calculated. 
For calculation, simultaneous determination of 
creatinine and of sodium in the serum and in spot 
urine is needed. FEx, is helpful to distinguish pre- 
renal failure from intrinsic renal failure. 


Uy, x R 


Crea 


Pa XU 


x100 


FE, (%) = 


Crea 
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4 Radiological Data where L is bipolar length in the longitudinal 
plane, W is width, D, is longitudinal depth, and 
4.1 Ultrasonography D, is transverse depth in the axial plane. In the 


daily routine it is sufficient to sample only D, 
Body height and body weight influence renal size (anteroposterior diameter) in the transverse 
and volume. In addition, as characteristics of a plane. Thus the formula can be varied to: 
population may be of value, the data depicted here 
are valid in most situations, but some populations 
may require special growth charts (Kasiske and 
Umen 1986). For estimating kidney volume prone 
position is recommended because the variance in 
repeated measurements is smaller than in supine 
position; at least the same position should be used 
for follow-up. The kidney volume is calculated 
using the formula: 


Kidney volume (ml) = L x[W x D, ]:2 x 0.523 


Tables 13 and 14 as well as Figs. 3, 4, 5, and 6 
show important age adapted normal pediatric 
sonographic values and how measurements are 
done Figs. 7 and 8. 

Table 7 demonstrates a grading system most 
commonly used for grading pelvi-caliceal disten- 
sion (PCD — former term “hydronephrosis”). 


Kidney volume (ml)=L x W x [( D,+D,): 2] x 0.523 Bladder volume calculation as well as blad- 
der wall measurements are addressed in Table 8. 


Table 13 Urinary bladder measurements 


Bladder volume(ml) =LxWx [(D, +D, ) : 2| xK (normal volumes see Fig. 9) 


Bladder wall thickness (upper limit of normal) 


Almost empty bladder 5.0 mm (some use 7 mm as threshold for definite pathology) 


Full bladder 3.0 mm (some use 2 mm as additional measure in oversized and overextended bladders) 


The factor K ranges from 0.5 to 1.1 depending on the shape of the bladder (Knorr et al. 1990). The other numbers 
adapted from Jequier and Rousseau (1987) 

Comment: Bladder volume measured by ultrasonography reflects the current filling of the bladder which does not neces- 
sarily equal the maximal or functional bladder capacity. Measurement of residual urine after voiding seems to be appro- 
priate and 3DUS can significantly improve the accuracy of the results (Riccabona et al. 1996). Bladder wall thickness 
should be measured at a significant filling of the bladder, best measured on an axial median section of the ventral bladder 
wall — with the bladder wall in a 90° angle to the US beam direction, and sufficiently away from the bladder trigone and 
the urachal insertion, using a linear transducer. There is a linear relationship between bladder filling and bladder wall 
thickness. However, the orienting cut-off point of 3-5 mm seems to be independent of age and gender and is also valid in 
adults (Jequier and Rousseau 1987; Manieri et al. 1998) 

Abbreviations: L length, W width, D, longitudinal depth, D, transversal depth, K correction factor 


Table 14 Normal values for typical common renal Doppler US measurements 


RA SA ILA 
Neonates 25.3+10.3 a a 
Infants 51.5+13.4 33.0+8.0 19.5+5.0 
Toddlers 71.3413.5 43.6+8.0 28.3+6.8 
School age children 80.0+ 18.0 45.5+9.1 21.94353 
Adolescents 80.7+13.7 46.8+11.8 28.0+6.1 
Resistive indices (RI)* 

RA SA ILA 
Neonates 0.79+0.1 3 a 
Infants 0.82+0.1 0.81+0.1 0.73+0.2 
Toddlers 0.71+0.1 0.67+0.1 0.65 +0.1 
School age children 0.71+0.1 0.66+0.1 0.58+0.1 
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Table 14 (continued) 


l [RA [SA [ILA 
Adolescents | 0.69+0.1 [0.63+0.1 |0.60+0.1 
Renal blood flow: |4.1+1.2 ml/min/g kidney | 


Systolic peak flow velocity in renal arteries, Veystmax (cm/s) 
Values derived from recent literature (Deeg et al. 1994 and Deeg et al. 2014; Yildirim et al. 2005; Grunert et al. 1990) 
Comment: Determination of RI is the most common measure giving information on renal perfusion and on vascular 
resistance. Several renal arteries must be checked for correct interpretation. RI is angle-independent but influenced by 
many other (systemic) factors such as heart rate, cardiac output, blood viscosity, circulating blood volume, and medica- 
tions such as vasopressor support. Thus, pathologic values should be compared to values of other low resistive arteries 
to exclude systemic changes. A side difference of RI may indicate unilateral renal disease 
Defined measurements points: 

Main renal artery close to the origin from abdominal aorta and/or close to entering the kidney at the renal hilus 

Segmental arteries intrarenal in central echo complex 

Interlobar arteries at the level of the mid-medullar pyramid 

Arcuate arteries at transition from medulla to cortex 
Abbreviations: RA renal artery, SA segmental artery, ILA interlobular artery, * not available, RI resistive index 


‘RI is calculated by the formula RI =(V, -= V,) /V.,[V, is the maximum peak-systolic flow velocity and Vd is the end- 
diastolic flow velocity] 


Fig. 3 US images demonstrating the correct planes for utmost importance. Most inaccuracies derive from mea- 
measurement of renal size. Comment: Exact measurement surements taken in a slightly oblique or displaced section 
of real maximal length and diameters of the kidneys is of 
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Fig. 4 Kidney length related to (a) gestational age and (b) birth weight in term and preterm neonates (Data derived 
from ultrasonography. From Chiara et al. (1989)) 
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Fig. 5 Kidney volume of neonates and infants related to 
body weight. Mean +2 SD are shown. Data derived from 
ultrasonography (Modified from Peters et al. (1986)) 
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4.2 Voiding Cystourethrography 

A formula-derived estimation of bladder capacity 
(BC) is shown in Table 15. Data of BC obtained 
during VCUG are compared with formula- 
derived BC in Fig. 9. 


4.3 Other Methods 

Data for IVU are not addressed as hardly used 
any longer; the relevant data and information (not 
really typical “normal values”) for CT, MRI, as 
well as nuclear medicine are outlined in the 
various chapters when presenting the dedicated 
indications, conditions, and protocols. 
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Fig.6 Growth charts for kidney length and volume. Data derived from ultrasonography (Modified from Dinkel et al. 


(1985)) 
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US grading of pelvi-caliceal distention / dilatation / width (PCD) in 
neonates and infants 


PCD IV° 


PCD V° 


= å o~ œ 
PCD O° PCD I° PCD II° PCD III° 
PCDO = collecting system not or hardy visible, normal 
PCDI = just renal pelvis clearly visible, calices not depictable 
axial plevic diameter less than 7 mm, considered normal 
PCD II = axialrenal pelvis diameter less than 10 mm , (some) calices visible, but with 
normal forniceal and papillar shape / configuration (often normal variation) 
PCD III =- marked dilatation of calices and pelvis, the pelvic axial width usually >10 mm 
with flattened papilla and rounded fornices, but without parenchymal narrowing 
PCD IV = gross dilatationof entire collecting system + narrowing of renal parenchyma 
(PCDV = additionally used in some places, to describe an extreme PCD IV° 


with only a thin, membrane-like residual renal parenchymal rim ) 


Fig. 7 Grading of pelvi-caliceal distension (PCD) on 
US — old “hydronephrosis (HN) grading” grade 0: closely 
apposed central renal echo complex; grade 1: slight sepa- 
ration of the central renal echo complex; grade 2: further 
dilatation of the renal pelvis, a single or a few calices are 
visible; grade 3: dilated renal pelvis, all calices are fluid 
filled, normal thickness of renal parenchyma; grade 4: as 
in grade 3, but thinning of the renal parenchyma over the 
calices (Adapted from the ESPR grading proposal 
(Riccabona et al. 2008, updated 2016) based on Hofmann’s 
pediatric ultrasonographic (Hofmann 1981) and the 
Society of fetal urology’s grading system (Fernbach et al. 
1993). 

Grading system for dilated ureter: grade 1: ureter 
dilated less than 7 mm; grade 2: ureter 7-10 mm; grade 3: 
ureter greater than 10 mm (Adapted from Fernbach et al. 
(1993)). 

Comment: The grading system was first introduced for 
pediatric ultrasonography by Hofmann, then introduced to 
standardize the degree of hydronephrosis primarily in 
fetuses with prenatally recognized hydronephrosis and to 


allow comparison between institutions. Finally, the ESPR 
recommendation for renal pelvo-caliceal distension, 
based from Hofmann’s ultrasonographic pediatric grading 
proposal and the fetal classification described by Fernbach 
et al. was introduced to allow comparison between prena- 
tal and postnatal findings, for descriptive postnatal use in 
sonographic studies — this is the grading system listed and 
illustrated above (Riccabona et al. 2008, updated 2016). 
As calyceal distention depends on urine production, stan- 
dardized and optimized hydration is crucial. In addition to 
the grading, accurate measurement of pelvic, calyceal, 
and ureteral diameters are helpful and must be read with 
considering calyceal and forniceal morphology. Note that 
these grades are different from those commonly used in 
adult urology, and that this system does not address renal 
parenchymal pathology except for parenchymal narrow- 
ing. Furthermore, the degree (“grade”) of pelvic and caly- 
ceal distension does not define the entity, and even high 
degree dilatation does not necessarily equal obstruction. 
Also note that PCD O-II may often represent normal 
findings 


Fig. 8 (a-c) Urinary bladder measurements on ultraso- 
nography. Axial (a) and sagittal (b) diameters (+.... +) as 
used for bladder volume calculation. Note that these mea- 
surements should represent the geometrical axes of the 
geometric model used as the base for the calculation. Note 
that in (b) there is a typical mistake — the upper border 
cross is placed inside the bladder (not realized on the 
small US screen, only afterwards when reviewing it), and 


Table 15 Bladder capacity (BC): age dependent bladder 
capacity (both formulas are identical) 


BC(ml)=(Agein years +2) x 30 
BC(ml)=(30xagein years) +60 

Bladder capacity in children with myelodysplasia 
BC(ml)=(24.5xagein years) +62 


Bladder capacity (ml) 


Age (years) 


Fig. 9 Bladder capacity (BC) (mean+1 SD) during 
childhood. The dotted line represents the formula-derived 
estimation of BC (Data obtained from Zerin et al. (1993)). 
Comment: The above-mentioned formula seems to under- 
estimate mean BC during the first few years of life. This 
may reflect the normal development of BC but could be 
influenced by bladder training to reach continence. 
Children with myelodysplasia seem to have a BC approxi- 
mately 20-25 % lower than neurologically intact children 
(Palmer et al. 1997) 


E. Ring et al. 


the lower cross is just placed at an estimate of the bladder 
wall, as it was not depictable on the US screen. (c) 
Measurement of bladder wall thickness (——w)_ in 
the near field using a linear transducer and a section with 
the US-beam orthogonal to the bladder wall. Note some 
ascites behind the bladder in this cross-section view with 
a thick-walled bladder which is only insufficiently filled — 
not reliably useful for proper wall thickness assessment 
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A 
Abdominal muscular deficiency syndrome. See Prune-belly 
syndrome 
Abscesses, 238, 643 
ABU. See Asymptomatic bacteriuria (ABU) 
aCDS. See Amplitude-coded color Doppler sonography 
(aCDS) 
ACEI. See Angiotensin-converting enzyme inhibitors 
(ACEI) 
Acquired pyelonephritic renal damage, 243 
Acquired renal cyst, 580-582, 632 
Acucise device, 743, 749 
Acute bacterial nephritis, 556-557 
Acute catheter dysfunction, 302, 631 
Acute focal bacterial nephritis, 237—238 
Acute kidney injury (AKI), 219 
causes of, 296-297 
childhood renal failure, 628 
classification, 296 
definition, 296 
diagnosis, 297 
imaging, 634 
prognosis, 297 
RPD and, 592-593 
treatment, 297 
US, 629 
Acute postinfectious glomerulonephritis, 
220 
Acute renal failure (ARF). See Acute kidney 
injury (AKI) 
Acute scrotum, male genital tract 
acute epididymitis, 370 
acute idiopathic scrotal oedema, 373 
causes, 370 
clinical history, 370 
epididymitis, 373, 374 
epididymoorchitis, 373 
Henoch-Schénlein purpura, 373-374 
hydroceles, 369-370 
imaging algorithms, 370-371 
immediate surgical treatment, 370 
intrascrotal appendage torsion, 372—373 
perinatal testicular torsion, 372 
symptoms and signs, 370 
testicular appendages, 370 


testicular torsion 
history and clinical findings, 371 
and tumours, 370 
Acute tubular necrosis (ATN), 113, 296, 303, 594, 642 
Adenine phosphoribosyltransferase (APRT), 288, 289 
Adenomatoid tumour, 378 
ADPKD. See Autosomal dominant polycystic kidney 
disease (ADPKD) 
AKI. See Acute kidney injury (AKI) 
Allograft transplants, 638 
Allopurinol, 290 
Alport syndrome (AS), 196, 203-204, 219-220, 630 
Alveolar type rhabdomyosarcoma (A-RMS), 695, 699 
American Association for the Surgery of Trauma 
(AAST), renal injuries 
grade I, 720 
grade II, 720, 721 
grade II, 720, 721 
grade IV, 720, 721 
grade V, 720, 722 
ureteropelvic junction disruption, 722 
American College of Radiology (ACR), 43 
American Urological Association (AUA), 245 
Aminoglycoside, 237 
Ammonia, 289 
Ampillicin, 237 
Amplitude-coded color Doppler sonography 
(aCDS) 
children with minor and moderate trauma, 
716-717 
neonatal oligoanuria and RF, 635-636 
nephrourologic disorders, 777, 778 
PTLD, 646, 647 
renal dysplasia, 569-570 
renal injuries, 720, 721 
renal scarring, 558-559 
scrotal injuries, 728 
urinary tract trauma, 718, 719, 722 
UTI, 767, 768 
Amyloidosis, 227, 604 
Anaplastic sarcoma, 683—684 
Androgen insensitivity syndrome (AIS) 
CAIS, 348 
diagnostic imaging, 349 
PAIS, 348 


© Springer International Publishing AG, part of Springer Nature 2018 
M. Riccabona (ed.), Pediatric Urogenital Radiology, Medical Radiology, 785 


https://doi.org/10.1007/978-3-3 19-39202-8 


786 


Index 


Angiography 
abdominal CT, 355, 757 
CE-MRA, 42-43, 93 
conventional, 640 
CTA, 635, 657-658 
DSA, 385, 659 
MRA, 93, 452, 454, 594, 609, 659 
post-embolization, 757 
super-selective, 757 
urinary tract injuries, 719 
Angiomyolipoma, 11, 690, 691, 756 
Angioplasty, 659, 660, 754-756 
Angiotensin-converting enzyme inhibitors 
(ACEI), 290, 298, 300 
Anorectal malformations (ARMs), imperforate anus 
anal incontinence, 392 
associated malformations, 387—389 
associated vertebral anomalies, 388, 389 
atresia level, 388 
embryology, 386-387 
high-intermediate-low classification, 386 
Krickenbeck classification, 386 
partial/complete sacral agenesis, 388 
stool evacuation, 392 
Antegrade pyelography, 643 
Antibacterial therapy, 236-238 
Antibiotic prophylaxis, 262, 768, 769, 773, 776 
Antiphospholipid syndrome (APS), 226 
Antirefluxive surgery techniques, 418-419 
ARPKD. See Autosomal recessive polycystic kidney 
disease (ARPKD) 
Arterial spin labeling (ASL), 41—42 
Arteriovenous fistula (AVF) 
hemodialysis, 302, 632 
renal biopsy, 608, 609 
ASL. See Arterial spin labeling (ASL) 
Asphyxia, 6 
Asymptomatic bacteriuria (ABU), 238 
ATN. See Acute tubular necrosis (ATN) 
Attention-deficit/hyperactivity disorder, 421 
AUA. See American Urological Association (AUA) 
Autosomal dominant polycystic kidney disease 
(ADPKD) 
autosomal dominant, 210, 211 
fetal nephropathies, 169-170 
genetic basis, 194, 201, 202 
polycystic kidney disease, 574 
uro-nephropathies, 487— 
Autosomal recessive cystinuria, 204 
Autosomal recessive polycystic kidney disease 
(ARPKD), 5 
cystic kidney disease, 209-213 
fetal nephropathies, 170 
genetic basis, 201 
polycystic kidney disease, 573-577 


B 

Bartter’s syndrome, 204, 225, 284, 286, 602 
BBD. See Bladder and bowel dysfunction (BBD) 
BC. See Bladder capacity (BC) 


Beckwith-Wiedemann syndrome (BWS), 10, 203, 333, 
666 
Benign cysts, 378 
Benign familial hematuria, 203 
Benign tumors 
angiomyolipoma, 690 
bladder tumors, 699-700 
CMN, 686-687 
juxtaglomerular cell tumor, 690-691 
multilocular cystic nephroma, 688 
ossifying renal tumor of infancy, 689-690 
stromal tumors 
metanephric adenofibroma, 689 
metanephric adenoma, 688, 689 
metanephric stromal tumor, 688—689 
Bifid collecting systems, 447-463 
Bifid ureter, 128 
Bilateral disease, 208, 655, 670-672, 676, 677 
Bilateral herniation, 156 
Bilateral hydronephrosis, 68, 69, 485 
Bilateral ovarian cysts, 357-358 
Bilateral Wilms’ tumor, 666, 676 
Bilharziasis, 562 
BK virus (BKV), 304, 646-647 
Bladder and bowel dysfunction (BBD), 233 
Bladder capacity (BC), 792, 794 
Bladder contusion, 725-726 
Bladder diverticulum, 323, 519, 540 
Bladder dysfunction 
cystitis, 560-561 
IRC, 117 
in neonates and infants, 424 
postoperative imaging and findings, 537 
treatment for, 241 
UTIs, 233 
VUR, 245-246 
Bladder exstrophy 
anatomical description, 400 
bladder function, 404 
continence, 404-405 
fetal bladder anomalies, 172—173 
musculoskeletal features, 401 
with normal infraumbilical wall, 402 
with normal umbilicus, 402 
OEIS complex, 402 
prenatal diagnosis, 398 
psychosexual function and fertility, 405 
repair of, 538 
urogenital features, 400-401 
vesicoureteral reflux, 404 
Bladder injury, 725-726 
Bladder outlet obstruction 
Cobb’s collar, 320-321 
Cowper’s gland cysts, 320-321 
tumor 
reference imaging modality, 322 
rhabdomyosarcoma, 321 
ureterocele prolapse, 320 
urethral diverticula, 320-321 
urethral polyp, 320 
Blastemal Wilms’ tumor, 668 
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Blunt abdominal trauma, 11, 90, 713-716, 
719-722, 727 

Body surface area (BSA), 785-786 

Branchio-oto-renal syndrome, 209 

Breast milk feeding, 241 

Brédel effect, 259 

Bud theory, 242 

Burkitt’s lymphoma, 684, 685 


C 
CAKUT. See Congenital abnormalities of kidney and 
urinary tract (CAKUT) 
Calcineurin inhibitors, 303, 645 
Calcium oxalate stones, 283, 285 
Calcium phosphate stones, 283, 285, 286 
Calyceal cyst, 566, 581, 582, 617 
Calyceal diverticulum, 74, 78, 447, 567, 618 
CAN. See Chronic allograft nephropathy (CAN) 
Carbohydrate-deficient glycoprotein (CDG) syndromes, 
596-598, 605 
Cardiovascular disease, 304 
Catecholamines, 298 
CCSK. See Clear cell sarcoma of the kidney (CCSK) 
CDG syndromes. See Carbohydrate-deficient 
glycoprotein (CDG) syndromes 
CDS. See Color Doppler sonography (CDS) 
ce-CT. See Contrast-enhanced computed tomography 
(ce-CT) 
Cefaclor, 245 
Cephalosporin, 237 
Cerebral atrophy, 605 
ce-VUS. See Contrast-enhanced voiding urosonography 
(ce-VUS) 
CFU. See Colony-forming units (CFU) 
Chemoprophylaxis, 241 
Chest X-ray (CXR) 
CRF, 633 
nephroblastoma, 674—679 
Chiba needle, 737, 738 
Childhood renal failure, 628 
Chronic allograft injury, 642 
Chronic allograft nephropathy (CAN), 304 
Chronic obstruction, 130 
Chronic renal failure (CRF), 295, 595, 627, 789 
children with, 297, 634 
CT, 634 
definitions, 299-301 
diagnosis, 300-301 
epidemiology, 299-300 
GFR, 789 
MRI, 634 
pathophysiology, 300 
planning dialysis, 301 
transplantation, 301 
treatment, 300-301 
US, 634 
Circumcision, 241, 767 
Clearance (C), 787-789 
Clear cell sarcoma of the kidney (CCSK), 678—679 
Cloacal dysgenesis, 173 


Cloacal exstrophy, 312, 350, 397, 402—403, 
406, 407, 537 
Cloacal malformation 
diagnostic imaging 
balloon catheter, 355 
fetal MRI, 352 
fluid-debris level, 343 
fluoroscopic studies, 354 
genital secretion, 352 
granular abdominal calcifications, 354 
intrapelvic structures, 352 
prenatal US, 352 
rotational fluoroscopy, 355 
spinal cord anomalies, 354 
3D reconstruction, 355 
urethral sphincter, 355 
US evaluation, newborn, 352 
uterus malformations, 352 
vaginal and bladder duplication, 352 
voiding cystourethrogram, 355 
and genital anomalies, 351, 352 
immediate colostomy, 351 
incomplete, 351 
pelvic osseous structures, 351 
perineal anatomy, 350 
posterior, 351 
with uterus didelphys, 350, 353 
vaginal anomalies, 350 
Cohen procedure, 270 
Colony-forming units (CFU), 235 
Color Doppler sonography (CDS) 
ADPKD, 571 
drug toxicity, 645, 646 
epispadias-exstrophy complex, 406 
graft dysfunction, 642 
HUS, 628 
left renal vein, 153 
locoregional tumor extent, 672, 691, 695 
MCDK, 577-579 
neonatal oligoanuria and RF, 635—636 
neoplasms, 691 
nephrocalcinosis, 623 
nephrourologic disorders, 777, 779 
ovarian torsion, 359 
peritoneal dialysis, 632 
priapism, 757-758 
renal allograft, 640 
renal arteries, 153 
renal biopsy, 608 
renal transplantation, 645 
renal tumors, 583 
RMS, 694 
RPD, 594, 606 
rTX, 633, 635, 636, 639-640, 644 
scrotal injuries, 728-729 
scrotum, 701 
sickle cell disease, 604, 607 
spermatic cord, torsion of, 371 
urinary tract infection and vesicoureteric reflux, 775 
urolithiasis, 616, 618-620 
UTI, 236, 775 
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Color Doppler sonography (CDS) (cont.) 
vasculitis, 600 
VUR, 508-510, 542 
Computed tomographic angiography (CTA) 
CA, 136 
hypertension, 753-756 
planning transplantation, 633 
rTX, 633 
RVH, 657-658 
urogenital tract, 43 
Computed tomography (CT) 
abdomen, 149, 154 
CA, 136 
calyceal diverticulum, 447 
CCSK, 678, 679 
children with minor and moderate trauma, 716 
children with severe trauma and multiple 
injuries, 715 
CMN, 687 
complicated cyst, 582 
CPDN, 671 
CRF, 634 
diffuse nephroblastomatosis, 671, 672 
intraperitoneal WT rupture, 672, 675 
metanephric adenoma, 688 
moderate trauma, 10, 11 
NC, 282 
nephroblastoma, 671—675 
nephrocalcinosis, 623—624 
oncological surgery, 542, 543 
ossifying renal tumor of infancy, 689-690 
ovarian torsion, 360 
pelvis and ureter, 446-447 
percutaneous nephrostomy, 738 
planning transplantation, 633 
PTLD, 119 
renal failure, 636 
renal fibrosarcoma, 687 
renal injuries, 723—724 
renal tumors, 583 
retrocaval ureter,460 
surgery, surgical procedures and indications, 278 
technical environment, 717-718 
urinary tract injuries, 718-720 
urolithiasis, 283, 620-622 
UTI, 555 
Computed tomography of the urinary tract (uro-CT) 
abdominal distention, 28 
acquisition technique, 27—29 
indications, 26 
of left kidney, 27 
preparation, 27 
of right kidney, 28 
Congenital abnormalities of kidney and urinary tract 
(CAKUT), 161, 238, 242, 243 
bilateral renal dysplasia, 72 
calyceal diverticulum, 74, 78 
cystic kidney disease 
ADPKD, 210 
ARPKD, 209-210 


complicated cyst, 213, 582-584 
GCKD, 211 
MCDK, 212 
MCKD, 211 
MSK, 212 
NPHP, 211 
simple renal cyst, 212-213 
ectopic kidney, 72, 76 
horseshoe kidney, 75 
hydrocalyx, 74, 79 
hypoplasia, 213 
hypoplastic ectopic right kidney, 73, 77 
management, 208 
pathology of, 70 
prognosis, 208 
prune belly syndrome, 74 
renal agenesis, 208—209 
renal dysplasia, 209 
renal hypodysplasia, 71 
structural and functional malformations, 500 
unilateral renal dysplasia, 72, 73 
Congenital adrenal hyperplasia 
adrenal steroidogenesis, 347 
diagnostic imaging, 349-350 
severe and mild forms, 347 
3B-hydroxysteroid dehydrogenase deficiency, 347 
21-hydroxylase deficiency, 347 
Congenital anomalies, urinary bladder 
appendicovesicostomy, 538 
bladder exstrophy, 537 
cloacal exstrophy, 537 
epispadias, 537 
posterior urethral valve 
abnormal detrusor function, 539-540 
renal functional imaging, 541 
severe renal disease, 538 
urine drainage, 539 
urinary tract diversion, 537, 538 
VUR, 541-542 
Congenital cystic disease, 323 
Congenital hydronephrosis. See also 
Hydronephrosis 
calyceal transit time, 54 
compensated, 55, 57 
decompensated, 56, 57 
delayed cortical transit time, 54 
delayed parenchymal transit time, 53-54 
diuretic renal scintigraphy, 50 
fluid levels, 52, 54 
MR urography, 50 
Patlak number, 54 
pyeloplasty, 57-59 
renal damage, 52, 53 
renal parenchyma, 52 
RTT, 52 
uropathy, 52, 53, 57 
Congenital mesoblastic nephroma (CMN), 686-687 
Congenital nephrotic syndrome 
Finnish type of, 576 
syndromal cystic renal disease, 577 


Index 


789 


Congenital obstructive posterior urethral membrane 
(COPUM), 314, 426 
Congenital reflux nephropathy, 242-243, 512, 629 
Congenital renal disorders, 299 
Congenital ureter disorders 
bilateral ureterocele repair, 537 
bladder dysfunction, 537 
documented persistent symptomatic VUR, 536 


primary endoscopic incision, ectopic ureterocele, 537 


secondary surgical procedure, 537 
sheath reimplantation technique, 536 
ureteric duplication, 535-537 
UVJO, 551-552 

Contrast agents (CA), 636-637 
ASL, 41-42 
CE-MRA, 42-43 
dose, 136, 137 
gadolinium-based, 43 
Gd-based MR, 137-139 
in pregnancy, 134 
radiopaque iodine-based, 135-137 
US, 134-137 


Contrast-enhanced computed tomography (ce-CT), 715 


abscesses, 643 

blunt abdominal trauma, 714 
complicated cyst, 582 

cystic renal disease, 571 

PTLD, 647 

renal injuries, 720-726 

trauma and multiple injuries, 715 
urinary tract trauma, 718, 719, 777 


Contrast-enhanced MR angiography (ce-MRA), 42-43, 


93 
Contrast-enhanced ultrasonography (ce-US), 15-16, 
18-19, 543, 639 
children with trauma, 717 


with intravenous UCA administration procedure, 19 


renal stone disease, 543 
rTX, 639, 640 
urinary tract trauma, 723, 777, 779 
VUR, 542 
Contrast-enhanced voiding urosonography (ce-VUS), 
269 
contrast agents, 135 
cystic renal disease, 571 
definition, 16 
nephrourologic disorders, 773, 777, 779 
procedure, 16-18 
renal agenesis, 566-568 
renal failure, 637 
UTD, 776 
UTI, 775 
vesicoureteric reflux, 510-512 
Contrast-induced nephropathy (CIN), 136, 636 
Conventional angiography, 640 
Cope introducer system, 737 
Coronary angioplasty systems, 660 
Cortex, 149 
blood supply, 151-154 
dysplasia, 570 


echogenicity, 14, 170 
initial enhancement, 54 
internal anatomy, 150-151 
MR urography, 45, 52 
periphery of, 669 
renal parenchyma, 591 
Cortical scars, 77, 82, 129 
Corticomedullary differentiation, 129, 173 
Covered exstrophy, bladder, 402 
CPDN. See Cystic partially differentiated 
nephroblastoma (CPDN) 
CRF. See Chronic renal failure (CRF) 
Crossed renal ectopia 
IVU, 188 
MRI, 187 
types, 186-188 
VCUG, 187 
VUR, 188 
Cryptorchidism, 370 
CT. See Computed tomography (CT) 
CTA. See Computed tomographic 
angiography (CTA) 
Cushing syndrome, 357 
Cutting balloon angioplasty (CBA), 754, 755 
CXR. See Chest X-ray (CXR) 
Cyst 
acquired renal, 580-582, 632 
benign, 378 
calyceal, 581 
complicated, 213 
multiloculated, 213, 582-584 
neonatal ovarian, 356-358 
renal parenchymal morphology, 130 
simple renal, 215, 580-582 
Cystatin C (CysC), 786, 789 
Cystic dysplasia, rete testis, 378 
Cystic kidney diseases, 208, 571-574 
acquired renal cyst, 580-582 
ADPKD, 201, 210, 574-576 
ARPKD, 201, 209-210, 573-574 
complicated cyst, 213, 582-584 
GCKD, 201, 211, 576-577 
juvenile nephronophthisis, 201—202 
MCDC, 576 
MCDK, 212, 577-579 
MCKD, 211 
MSK, 202, 212, 579-580 
multiloculated cyst, 582-584 
NPHP, 213, 576 
renal tumor, 582—584 
simple renal cyst, 212-213, 580-582 
Cystic partially differentiated nephroblastoma 
(CPDN), 668, 671, 688, 693 
Cystic renal tumor, 213, 582-584 
Cystine stones, 283, 290 
Cystinosis 
encephalopathy, 605 
genetic basis, 205 
nephropathic, 227, 605 
Cystinuria, 288, 602 
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Cystitis, 560-561. See also Urinary tract infections (UTIs) 
glandularis, 700 
pseudotumoral, 700 
therapy for, 238 
urinary tract infection, 324, 560-561 
vs. pyelonephritis, 236 
Cystostomy, percutaneous, 751-752 
Cystourethritis, 238 


D 
Davis intubated ureterostomy, 747 
Defensins, 233 
Deflux®, 246 
Delayed dense nephrogram, 49, 56, 66, 67 
Dense deposit disease (DDD), 222 
DES. See Dysfunctional elimination syndrome (DES) 
Detrusor pressure, 125 
Diabetic nephropathy, 605 
Dialysis, 630-631 
HD, 302, 632 
PD, 301-302, 631-632 
planning and transplantation, 301 
Differential renal function (DRF), 262, 451, 485 
contrast agent, 46, 47 
DMSA, 108 
DRS, 44 
dynamic renography, 104 
GFR, 45, 46 
Rutland-Patlak technique, 46 
signal intensity vs. time curves, 45 
volumetric differential function, 44, 45 
Diffuse nephroblastomatosis, 671, 672 
Diffusion-weighted imaging (DWI), 40-41 
adrenal neuroblastoma, 692, 693 
Burkitt’s lymphoma, 684 
malignant rhabdoid tumor of the kidney, 680 
non-Hodgkin lymphoma, 684 
pyelonephritis, 75-77 
renal transplantation, 92 
rhabdomyosarcoma, 696 
vaginal rhabdomyosarcoma, 698 
Wilms’ tumor, 670 
Digital subtraction angiography (DSA), 42 
hypertension, 754 
percutaneous renal angioplasty, 753, 754 
renal arterial embolization, 756-757 
RVH, 659 
tuberous sclerosis, 757 
Dilative uremic cardiomyopathy, 633 
Dimercaptosuccinic acid (DMSA), 498-499, 550, 554 
DRF, 111 
immobilisation, 105, 106 
precautions, 105 
PUV, 106 
radiopharmaceutical, 106-107 
SPECT CT, 107, 119 
static renal scan, 498-499 
Tc-99m DMSA scan, 107, 108 
Tc-99m MAG3, 108 
transplant kidney, views of, 106 


UTI, 104, 236, 240, 550 
VUR, 243 
Direct radioisotope cystography (DIC) 
advantages, 116 
uses, 116 
with VUR, 116 
Direct radionuclide cystography (DRNC), 244, 505-506 
Disorders of sexual development (DSD), 83 
classification, 346 
46,XX disorders 
androgenic drugs administration, pregnant 
women, 348 
congenital adrenal hyperplasia, 347 
placental aromatase deficiency, 347-348 
virilizing maternal tumors, 348 
46,XY disorders 
AIS, 348 
5-alpha reductase deficiency, 348 
mixed gonadal dysgenesis, 348 
Distal renal tubular acidosis (ARTA), 286 
Distant metastases, 675, 696, 697, 699 
Diuretic renography, 109, 261, 263, 498 
DMSA. See Dimercaptosuccinic acid (DMSA) 
Doppler sonography 
CDS (see Color Doppler sonography (CDS)) 
hemodialysis, 632 
power, 9, 10, 12, 14 
renal failure, 594, 634 
RPD, 605-607 
RVH, 654 
DRF. See Differential renal function (DRF) 
dRTA. See Distal renal tubular acidosis (dRTA) 
DSA. See Digital subtraction angiography (DSA) 
Duplex collecting systems 
abnormal kidneys, 464 
complications, 463 
diagnosis, 463-464 
duplication and VUR 
lower-pole VUR, 464, 466 
reflux nephropathy, 465 
upper pole VUR, 465 
dysplasia, upper pole, 470-472 
etiology and epidemiology, 463 
MR urography, 464, 467 
PUJ obstruction, 472 
ureteral ectopia, 466—469 
ureterocele, 470 
ureterohydronephrosis, 464 
UV] obstruction, 472 
VCUG, 464 
Duplex Doppler sonography 
lupus nephritis, 603 
renal dysplasia, 569-570 
renal parenchymal disease, 592, 606 
RPD, 592 
Duplex kidney, 128 
complicated, 489 
cystic dysplasia, 471 
evaluation, 45 
obstruction, 472 
upper pole, 66, 470-471 
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ureteral ectopia, 461 
uretero-pelvic duplication, 166, 167 
VUR and, 518 
work-up of, 464, 465 
Duplex systems with ectopic ureter 
imaging, 275 
postoperative imaging, 275 
surgical approaches, 275 
Weigert-Meyer rule, 275 
Duplicated ureter, 128, 535 
Duplicate exstrophy, 402 
Dynamic renography, 109, 498 
Dysfunctional elimination syndrome (DES), 233, 409, 
414, 416-418 


E 
Eagle-Barrett syndrome. See Prune-belly syndrome 
Echo-planar imaging (EPI), 41-42 
Ectopic kidney, 72, 76, 128, 180-181 
Ectopic ureter, 65—69 
Duplex systems with 
imaging, 275 
postoperative imaging, 275 
surgical approaches, 275 
Weigert-Meyer rule, 275 
renal pelvis and ureter 
duplex collecting systems, 466—469 
in single and bifid collecting systems, 461-463 
EEC syndrome, 333 
Electrolytes, 219, 788 
Ellipsoid formula, 129, 150 
Embolotherapy 
NCS, renal vein stenting, 759-760 
priapism, 757-758 
renal arterial embolization, 756-757 
varicocele, internal spermatic vein embolization, 
758-759 
Embryology 
of epispadias-exstrophy complex, 398-399 
female genitalia 
cloacal development, 331 
gonad development, 330 
mesonephric ducts, 330, 331 
Miillerian-inhibiting substance, 330 
partitioning process, 331, 332 
primary sex reversal, 330 
sex determination, chromosome level, 330 
sinovaginal bulbs, 331 
urinary and anorectal system, 330 
uterovaginal canal, 331 
Wolffian ducts, 330, 331 
imperforate anus, 386-387 
of male genital tract, 367-368 
Embryonal type rhabdomyosarcoma (E-RMS), 695 
Endogenous toxins, 296 
Endopyelotomy, percutaneous 
Davis intubated ureterostomy, 747 
indications, endopyelotomy, 747—748 
PE, 750 
procedural details and technique, 748-749 


Endourologic techniques, 740 
percutaneous cystostomy, 751-752 
percutaneous endopyelotomy 
Davis intubated ureterostomy, 747 
indications, endopyelotomy, 747—748 
PE, 750 
procedural details and technique, 748-749 
percutaneous nephrolithotomy 
contraindications, 745 
ESWL and ureteroscopic techniques, 745 
indications, 745 
procedural details and technique, 745-747 
percutaneous renal biopsy, 749-751 
ureteral dilatation and stenting 
antegrade approach, 741 
indications, 742 
internal-external nephroureterostomy stents, 741 
metallic stents, 740 
percutaneous approach, 740 
percutaneous management, 742 
procedural details and technique, 742-745 
End-stage renal disease (ESRD), 72, 295, 299-302, 304, 
628, 632-634 
Epididymitis, 373, 374 
Epididymoorchitis, 373 
Epispadias, 322 
balanitic, 399 
cross-sectional anatomy, 399 
females, 400 
males, 399—400 
musculoskeletal deformities, 399-400 
penile, 399 
penopubic, 399 
repair, 404 
types, 399 
Epispadias-exstrophy complex 
anatomy 
classical bladder exstrophy, 400-401 
cloacal exstrophy, 402 
covered exstrophy, bladder, 402 
duplicate exstrophy, 402 
epispadias, 399—400 
inferior vesical fissure, 402 
with normal infraumbilical wall, 402 
with normal umbilicus, 402 
OEIS complex, 402 
pseudoexstrophy, bladder, 401-402 
superior vesical fissure, 402 
embryology, 398-399 
imaging, 405—406 
incidence, 398 
multistage surgical repair, 397 
prenatal diagnosis, 398 
risk of occurrence, 398 
surgical repair 
bladder neck reconstruction, 404 
epispadias repair, 404 
initial bladder closure, 403-404 
staged, 402—403, 406 
urinary diversion, bowel segments, 403 
types and frequencies, 397, 398 
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ESPR. See European Society of Pediatric Radiology 
(ESPR) 

ESRD. See End-stage renal disease (ESRD) 

ESWL. See Extracorporeal shock wave lithotripsy 
(ESWL) 

Ethanol, 660 

European Medicines Agency (EMA), 43 

European Society of Pediatric Radiology (ESPR), 127, 
261 

Ewing’s sarcoma family of tumors, 682-683 

Exogenous toxins, 296 

Extracorporeal shock wave lithotripsy (ESWL), 283, 
290, 745 

Extraosseous Ewing sarcoma, 682-683 

Extraperitoneal bladder rupture, 725 

Extravesical reimplantation, 270 

Extrinsic stenosis, 258—259 


F 
Familial Mediterranean fever (FMF), 227, 604 
Fanconi syndrome, 225, 227 
FAST. See Focused assessment with sonography for 
trauma (FAST) 
Female genital anomalies 
embryology, 330-332 
Miillerian duct (see Miillerian duct anomalies) 
ovarian conditions, 355-361 
ovarian cysts, 329-330 
radiological and biochemical examinations, 329 
urogenital sinus (see Urogenital sinus malformations) 
Female hypospadias, 345 
Femoral artery, 659 
Fetal bladder anomalies 
bladder exstrophy, 172-173 
megabladder, 171-172 
Fetal homeostasis, 298 
Fetal magnetic resonance imaging 
of cloacal malformation, 175 
normal fetal kidney, 163 
normal fetal pelvic, 164 
normal fetal urinary tract, 164 
of urogenital sinus malformation, 173-174 
Fetal nephropathies 
MCDK, 168-169 
polycystic kidneys, 169-170 
renal dysplasia, 170, 171 
renal vein thrombosis, 170-171 
Fetal urinary tract dilatation (UTD), 771-773, 776 
Fetal uropathies 
antenatal diagnosis and postnatal follow-up, 450 
neonatal work-up of, 479, 480 
obstruction, 164-166 
postnatal workup of, 512-513 
uretero-pelvic duplication, 166—168 
VUR, 167-168 
Fibroepithelial polyps, 63, 64 
Fibromuscular dysplasia (FMD), 655, 752, 754 
5-French neonatal nephrostomy drain, 738 
Fluorodeoxyglucose positron emission tomography/ 
computerised tomography (FDG PET-CT), 
104, 119 


FMD. See Fibromuscular dysplasia (FMD) 

Focal dysplasia, 570 

Focal renal infarction, 607 

Focused assessment with sonography for trauma (FAST), 
276, 715 

Foley catheter, 24, 274, 354, 727, 742, 744 

Fractional excretion (FE), 789 

Fractional excretion of sodium (FENa), 297, 298 

Fraley’s syndrome, 74, 448 

Fraser syndrome, 199, 333 

Functional diuretic MR urography ((MRU), 263, 489, 
533, 573 

Furosemide, 36, 38, 39, 110, 451, 483, 486 


G 
Gadolinium-based contrast agents (GBCAs), 42-43, 
137-139, 637 
GCKD. See Glomerulocystic kidney disease (GCKD) 
Genetic counseling, 196—198 
Genetic heterogeneity, 195, 196 
Genetics 
databases, 205 
formal, 194, 195 
molecular 
genetic complexity, of genes, 195 
genetic counseling, 196-198 
genetic heterogeneity, 195, 196 
genotype-phenotype correlation, 195 
inherited disorders, 196 
nephropathies 
AS, 203-204 
Bartter syndrome, 204 
cystinosis, 205 
nephrogenic diabetes insipidus, 204 
nephrolithiasis, 204 
nephrotic syndromes, 204-205 
nocturnal enuresis, 204 
urogenital system 
ciliopathies, 200-202 
duplication malformations, 198, 199 
hydronephrosis, 198, 199 
hypospadias, 200 
kidney, hereditary tumors, 200 
renal agenesis, 198, 199 
VUR, 200 
Genital anomalies 
female 
embryology, 330-332 
Miillerian duct (see Miillerian duct anomalies) 
ovarian conditions, 355-361 
ovarian cysts, 329-330 
radiological and biochemical examinations, 329 
urogenital sinus (see Urogenital sinus 
malformations) 
urethra 
appendicovesicostomy, 538 
bladder exstrophy, 537 
cloacal exstrophy, 537 
epispadias, 537 
posterior urethral valve, 538-540 
urinary tract diversion, 538 
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VUR, 541-542 
Genitourinary system 

benign tumors 
angiomyolipoma, 690 
benign stromal tumors, 688—689 
CMN, 686-687 
juxtaglomerular cell tumor, 690-691 
multilocular cystic nephroma, 688 
ossifying renal tumor of infancy, 689-690 

diagnostic strategy, 691-694 

differential diagnosis 
benign bladder tumors, 699—700 
inflammation and infection, prostate, 701 


reactive, inflammatory and infectious lesions of 


bladder, 700 
scrotum, 701 
tumors, prostate, 700 
urothelial neoplasms, 699 
vagina, 701 
embolotherapy 
NCS, renal vein stenting, 759-760 
priapism, 757-758 
renal arterial embolization, 756-757 


varicocele, internal spermatic vein embolization, 


758-759 
infectious diseases, 691, 692 
malformations, 691 
malignant hematologic diseases 
Burkitt’s lymphoma, 684, 685 
with non-Hodgkin lymphoma, 684, 685 
primary unilateral renal lymphoma, 684 
T-ALL, 684, 686 
miscellaneous, 691 
non-Wilms’ malignant tumors 
anaplastic sarcoma, 683-684 
CCSK, 678-679 
Ewing’s sarcoma family of tumors, 682-683 
malignant hematologic diseases, 684-686 
MRTK, 680-681 
RCC, 681, 682 
renal medullary carcinoma, 681—682 
renal metastases, 686 
RMS 
clinical features, 695 
epidemiology, 694-695 
follow-up, 699 
histopathology and genetics, 695 
imaging, 695-698 
treatment principles and prognosis, 698-699 
Genotype-phenotype correlation, 195 
Germ cell tumours, 376, 377 
GFR. See Glomerular filtration rate (GFR) 


Giant multicystic dysplastic kidney, 454, 456, 487, 489, 


577-578 
Giggle incontinence, 421 
Gitelman syndrome, 204, 225 
Glomerular basement membrane (GBM), 220, 
221, 600 
Glomerular disease 
AS, 219-220 
acute postinfectious glomerulonephritis, 220 
congenital and inherited, 599 


HSP, 221, 600 
IgAN, 221, 600 
INS, 222-223, 600-601 
membranoproliferative and membranous 
glomerulopathy, 221-222, 601 
MN, 222 
post-/parainfectious, 600 
rapidly progressive, 600 
RPGN, 220-221 
Glomerular filtration rate (GFR), 136-137, 297-299, 
787-789 
Glomeruli, 146, 151, 155, 602, 635 
Glomerulocystic kidney disease (GCKD), 201, 211, 
576-577 
Glomerulonephritis 
acute postinfectious, 220 
membranoproliferative, 221—222 
RPGN, 220-221 
ultrasound findings in, 593 
Glomerulosclerosis, 300 
Glycogen storage diseases (GSD), 227, 605 
Gonadoblastoma, 376 
Goodpasture’s syndrome, 221, 600 
Graft dysfunction, 92, 642 
Graft thrombosis, 303 
Granulomatosis with polyangiitis (GPA), 224 
Grayscale ultrasound 
IVC thrombosis, 672 
minor and moderate trauma, 716-717 
nutcracker syndrome, 759-760 
percutaneous renal biopsy, 749-750 
renal injury, 720 
testicular rupture, 728 
urolithiasis, 616-618 


H 


Haemolytic-uraemic syndrome (HUS), 224-225, 594, 


601, 602, 607 
Hand-foot-genital syndrome, 333 
HD. See Hemodialysis (HD) 
Hematomas 
PUJ, 269 
UVJ, 280 
VUR, 271 

Hematuria, 218, 297, 680, 682, 695 
ADPKD, 210 
benign familial, 203 
bleeding and sepsis, 746 
clear cell sarcoma, 666 
familial benign, 220 
Henoch-Schonlein purpura and, 751 
medical renal disease, 750 
microscopic, 221, 716 
MSK, 212 
and nephritic syndrome, 218 
ossifying renal tumor of infancy, 690 
and proteinuria, 297 
RCC, 681 
SCN, 226 
sporadic Wilms’ tumor, 669 
transient mild, 739 
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Hemodialysis (HD), 301, 302, 630, 632 
Hemostat, 742, 743, 753 
Henoch-Schénlein purpura (HSP) 
acute scrotum, male genital tract, 373-374 
glomerular disease, 220-221, 600 
and hematuria, 751 
RPGN, 220-221 
Heparin, 753, 756 
Hereditary amyloidosis, 604 
Hereditary tyrosinaemia, 605 
Herlyn-Werner-Wunderlich syndrome, 85-86, 337 
Heterozygosity testing, 197-198 
High-turnover disease, 633-634 
Hinman syndrome, 410, 421 
HN. See Hydronephrosis (HN) 
Horseshoe kidney, 75 
definition, 182 
diagnosis, 182-185 
hydronephrosis, 184 
trisomy 18, 183 
Turner’s syndrome, 184 
Wilms’ tumor, 185 
HTN. See Hypertension (HTN) 
HUS. See Haemolytic-uraemic syndrome (HUS) 
Hydatid disease, 562 
Hydrocalyx, 73, 79, 448 
Hydrocolpos, 84, 342, 351 
Hydronephrosis (HN), 198, 256, 688 
congenital, 50-60 
follow-up of, 456 
genetic basis, 198, 200 
obstruction diagnosis, 48-50 
PUJ obstruction, 60-63 
renal parenchymal morphology, 129-130 
ureteric anomalies, 63—64 
ureteroceles, 69-70 
UV] obstruction, 64-69 
Hydroureter, 457 
IRC, 117 
secondary 
crural hernia, 460 
extrinsic causes, 460 
intrinsic causes, 459-460 
midureteral stenosis, 459 
retrocaval ureter, 460 
retroperitoneal malignant fibrosis, 460, 461 
ureterohydronephrosis, fecaloma, 460, 461 
Hypercalcaemia, 6, 286 
Hypercalciuria, 78, 212, 285-286, 604 
Hyperfiltration, 300, 523 
Hyperoxaluria 
primary 
type I, 286-287 
type II, 287 
secondary/enteric, 287—288 
Hyperperfusion, 300 
Hypertension (HTN), 219 
ADPKD, 574 
blunt abdominal trauma, 11 
children born, 72 


complications, 755 
definition, 653-654 
DSA, 659 
focal renal infarction, 607 
renal hypoplasia, 568-569 
renovascular (see Renovascular hypertension) 
in RPD, 219 
secondary, 561, 654—655 
US, 10 
VUR, 521 
Hyperuricosuria, 288-289 
Hypervitaminosis D, 286 
Hypocitraturia, 278, 289 
Hypodysplasia, 71, 300, 630, 770 
Hypospadias 
female, 345-346 
genetic basis, 200 
male genital tract, congenital anomalies, 368 
Hypoxanthine phosphoribosyltransferase (HPRT), 288 


I 
Idiopathic hypercalciuria, 285-286 
Idiopathic nephrotic syndrome (INS), 222-223, 600-601 
Idiopathic scrotal oedema, 373 
IgA glomerular disease, 600 
IgA nephropathy (IgAN), 221, 600, 751 
Imaging 
acute scrotum, male genital tract, 370-371 
AKI, 634 
cloacal malformation, balloon catheter, 355 
congenital anomalies of urinary bladder, 541 
cystic kidney diseases (see Cystic kidney diseases) 
duplex systems with ectopic ureter, 275 
dysplasia (see Renal dysplasia) 
epispadias-exstrophy complex, 405—406 
hypoplasia (see Renal hypoplasia) 
imperforate anus, 392-394 
intravenous urography, 272 
male genital tract 
corpus spongiosum, 367 
low-resistance spectral Doppler tracing, 366-367 
magnetic resonance imaging, 367 
normal prepubertal testicle, 366 
penile shaft, 367 
spermatic cord, 366 
tunica albuginea, 366 
ultrasonography, 366 
Miillerian duct anomalies 
distal vaginal atresia, hematocolpos, 338, 339 
hydro-/hematocolpos and hydrometro-/ 
hematometrocolpos, 342, 343 
pelvic sonography, 339 
renal US and voiding cystourethrography, 339 
ultrasound, 338 
of vaginal anomalies, 344 
neonatal oligoanuria 
ARF, 634 
CA, 636-637 
CDS and aCDS, 635-636 
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childhood, CRF in, 634 
CT and intravenous pyelography, 636 
isotope investigations, 636 
MRI, 638 
plain films, 636, 637 
support therapeutic measures, 634 
ultrasound, 635 
VCUG, 637-638 
nephroblastoma 
atypical patterns, 670, 671 
bilateral disease, 670—672 
common WT radiological pattern, 669-670 
distant metastases, 675 
locoregional tumor extent, 672—675 
preoperative imaging, 675-676 
nephrocalcinosis (see Nephrocalcinosis) 
neurogenic bladders 
drip infusion dropping speed, 456 
modified VCUG technique 
modified VCUG technique: bladder compliance, 
439 
modified VCUG technique: detrusor function, 440 
modified VCUG technique: filling phase, 437 
modified VCUG technique: leak point pressure 
estimation, 440 
modified VCUG technique: safe storage volume, 
439-440 
modified VCUG technique: sphincter detrusor 
dyssynergia, 440 
modified VCUG technique: unstable detrusor 
contraction, 439 
video urodynamics, 437 
renal agenesis (see Renal agenesis) 
renal failure (see Renal failure) 
renal parenchymal disease (see Renal parenchymal 
disease) 
renal pelvis and ureter, 446—447 
rhabdomyosarcoma, 
distant metastases, 696, 697 
locoregional tumor extent, 695—696 
staging, 697-698 
tissue harmonic, 11 
transplantation (see Renal transplantation (RTx)) 
UPJO, 578 
upper urinary tract dilatation, 482 
urinary tract infections (see Urinary tract infections 
(UTIs)) 
urolithiasis (see Urolithiasis) 
US (see Ultrasound (US)) 
Immobilisation, 26, 105, 106, 286, 288, 608 
Immunosuppressive therapy, 303, 639, 647 
Imperforate anus, 385, 402 
ARMs, 386-389 
anal incontinence, 392 
associated malformations, 387—389 
associated vertebral anomalies, 388, 389 
atresia level, 388 
embryology, 386-387 
high-intermediate-low classification, 386 
Krickenbeck classification, 386 


partial/complete sacral agenesis, 388 
stool evacuation, 392 
cloacal malformation, 312, 350 
functional disorders of the urinary system, 385 
imaging, 392-394 
maldevelopment, 385 
therapy, 394 
types, 385 
urinary tract anomalies, 385, 389-390 
VUD, 124, 125 
Incisura, 157 
Indirect radioisotope cystography (IRC) 
method, 118 
recurrent urinary tract infection, 117 
strength, 117 
VUR detection, 117—118 
weakness, 117 
Indirect radionuclide cystography (IRC), 104, 115, 116, 
506-507 
Indomethacin, 298 
Infectious diseases, 691 
Infectious stones, 284, 285, 289 
Inflammatory renal parenchymal disease, 606—607 
Infundibular stenosis, pelvic urolithiasis, 448, 449 
Inheritance modes, 194, 195 
Inherited glomerular disease, 599-600 
Interlobar arteries, 150, 152 
Interlobular veins, 152 
Internal spermatic vein embolization, 749-750 
International Reflux Study (IRS), 245, 504, 769 
Interstitium, 146, 225, 591, 633 
Intracavitarily applied radiopaque iodine-based contrast 
agents, 135-136 
Intraperitoneal bladder rupture, 713, 725 
Intrarenal pelvis, 130, 156 
Intrarenal reflux, 23, 151, 152, 506, 510, 541 
Intravascularly applied iodine-based contrast agents, 
136-137 
Intravenous pyelography, 636 
Intravenous urography (IVU) 
acute obstruction, 48 
in adult, 272, 283 
diagnostic procedures, 4, 26 
inferior ectopia, 186, 188 
MSK, 212 
nephrocalcinosis, 624 
obstruction diagnosis, 48 
one-shot, 719 
postnatal diagnostic approach, 499 
and radiography, 622, 624 
tuberculous, 562 
upper urinary tract, 406 
ureteral quadruplication, 473 
urinary tract diversion, 537 
urolithiasis, 622 
uro-nephropathies, work-up of, 446 
use of, 533 
Intravesical reimplantation, 270 
Intrinsic stenosis, 258 
Inulin, 45, 788 
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IRC. See Indirect radioisotope cystography (IRC) 
IRS. See International Reflux Study (IRS) 
Ischemia, 275, 276, 296, 403, 404, 541 
Isotope cystography 

DIC, 116 

IRC, 116-118 
TVU. See Intravenous urography (IVU) 


J 

Jarcho-Levin syndrome, 333 

JB-1 catheter, 742, 746, 753 

Junctional parenchymal defect (JPD), 130, 148 
Juvenile granulosa cell tumours, 376 

Juvenile nephronophthisis, 201-202, 576, 630 
Juxtaglomerular cell tumor, 690-69 1 


K 
Kawasaki disease (KD), 223 
Kidney 
anatomy and variants 
blood supply, 151-154 
internal, 150-152 
measurements, 149 
position, 148 
shape, 148-150 
size, 148-150 
US, 155 
Bertin, 149, 150 
development, 145-147 
fusion anomalies 
crossed renal ectopia, 185-188 
horseshoe kidney, 182-185 
grooves, 148 
hereditary tumors of, 202-203 
in infants, 149 
JPD, 148 
left, 150 
lobar architecture in, 150 
in newborn, 148 
position anomalies 
renal ectopy, 180-181 
supernumerary kidney, 181-182 
thoracic kidney, 181, 182 
right, 149, 151 
rotation anomalies, 181-182 
structural organization of, 152 
transplantation, 92-93 
vascular supply of, 152 
VCUG, 151 
volume, 129 
Kidney stones, 278, 283, 284, 287 
Kidneys-ureter-bladder (KUB) radiograph, 25 
acquisition technique, 6-7 
asphyxia, 6 
definition, 4 
equipment, 5—6 
hypercalcaemia, 6 
indications, 4—7 


in neonate, 5 
palpable abdominal mass, 5, 7 
systemic lupus erythematosus, 6 
urolithiasis diasgnosis, 622 
Koff formula, 16, 22 
KUB radiograph. See Kidneys-ureter-bladder (KUB) 
radiograph 


L 
Lazy bladder syndrome, 415, 417-418, 428 
Leak point pressure, 125, 436, 440 
Left ventricular hypertrophy, 633, 654 
Leydig cell tumour, 376 
Lich-Gregoir procedure, 270 
Lipomas, 378 
Lobar nephronia. See Pseudotumoral acute 
pyelonephritis 
Locoregional tumor extent, 695-697 
Lower genitourinary tract, neoplasms 
Lower urinary tract, 414, 415, 418, 421, 426, 550, 552 
assessment of, 426 
bladder outlet obstruction, 321—322 
differential diagnosis, neoplasms 
benign bladder tumors, 699-700 
inflammation and infection, prostate, 701 
reactive, inflammatory and infectious lesions of 
bladder, 700 
scrotum, 701 
tumors, prostate, 700 
urothelial neoplasms, 699 
vagina, 701 
endemic bladder stones, 324 
infection (see Urinary tract infections (UTIs)) 
malformations, 390 
cloacal dysgenesis, 175 
fetal MRI, 173 
urogenital sinus anomalies, 173—174 
prenatal diagnosis, 311-314 
assessment, 314 
karyotyping, 314 
management, 313-314 
maternal-fetal sonography, 314 
of megacystis, 313 
plain film post delivery, 312 
visible bladder absence, 312-313 
PUV (see Posterior urethral valves (PUV)) 
RMS 
clinical features, 695 
epidemiology, 694—695 
follow-up, 699 
histopathology and genetics, 695 
imaging, 695-698 
treatment principles and prognosis, 698-699 
scanning technique, 13-15 
symptoms, in young children, 234 
and urachus, 325-326 
urogenital sinus malformations 
chromosomal and hormonal abnormalities, 345 
female hypospadias, 345 
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neonates with, 345 

physical examination, newborn, 344 
Low-turnover disease, 634 
Lupus nephritis, 226, 603 
Lymphoceles, 303, 643, 644 


M 

Magnetic resonance angiography (MRA), 43, 93 
renal arteries, 153 
rTX, 644 
RVH, 655, 659 

Magnetic resonance genitography, 83-86 
cloacal malformations, 84 
DSD, 83 
genitogram, 83, 84 
Herlyn-Werner-Wunderlich syndrome, 85-86 
hydrocolpos, 84 
Mayer-Rokitansky-Kuster-Hauser syndrome, 85 
Mullerian duct anomalies, 84 
urogenital sinus, 84 
US, 83 

Magnetic resonance imaging (MRI), 312, 322, 367, 406, 

537, 566, 569, 643, 771 

ADPKD, 574 
ARPKD, 575 
bilateral disease, 670 
Burkitt’s lymphoma, 684, 685 
CCSK, 678, 679 
children, urogenital tract in, 44, 45 
CMN, 686 
complicated cyst, 582 
coronal T2, 187 
cortical scarring, 129 
corticomedullary differentiation, 129, 151 
CPDN, 669, 670 
CRF, 634 
CT, 581 
cyst detection, 573, 580-581 
epispadias-exstrophy complex, 406 
Ewing’s sarcoma family of tumors, 682—684 
fat suppression, T2-weighted sequence with, 156 
female genital anomalies, 350, 360 
genitourinary system, neoplasms of, 675, 701 
heterogeneous lesion, 670 
HUS, 601, 602 
juxtaglomerular cell tumor, 691 
locoregional tumor extent, 697 
MA, 688 
macrocyclic gadolinium-based agents, 134 
male genital queries, 367-370, 375, 378 
malignant hematologic diseases, 684—686 
MCDC, 576 
MRTK, 680 
MSK, 580 
multicystic nephroma and multiloculated cysts, 583 
nephrogenic rests, 673 
NPHP, 576 
nuclear medicine, 104, 120 
pelvic cavity, 312 


renal agenesis, 566-567 
renal dysplasia, 569-570 
renal failure, 634, 638 
renal hypoplasia, 568-569 
renal neoplasms, 694 
renal parenchymal disease, 601, 610 
renal scarring, 558-559 
renal tumors, 583 
rhabdomyosarcoma, 695 
RMS, 695, 699 
scrotum, 701 
simple renal cyst and acquired renal cyst, 
580-582 
testes, 277 
thinned pelvic floor muscles, 392 
upper urinary tract dilatation, in children, 499 
urinary problems associated with imperforate anus, 
392 
urinary tract 
infections, 554-555 
injuries, 718-720 
trauma, 718, 724, 728 
urogenital fetal imaging, 162-164, 167, 168, 
172-175 
WT, 670-673, 677-681 


Magnetic resonance urography (MRU), 4, 447, 


499, 570, 578 
antenatal hydronephrosis, 37 
CAKUT, 70-80 
contrast agents, 43-44 
core protocol, 36—40 
dilatation detection, 538 
genitography, 83-86 
hydronephrosis evaluation 
congenital, 50-59 
obstruction diagnosis, 48-50 
PUJ obstruction, 60-62 
ureteric anomalies, 63—64 
ureteroceles, 69—70 
UV] obstruction, 64-69 
MCDK, 577-579 
nephrocalcinosis, 624 
optional sequences 
ASL, 41-42 
CE-MRA, 42-43 
DWI, 41 
postoperative imaging and findings, 538 
post-processing, 44-47 
pyelonephritis and renal scarring, 75-77, 81 
in renal transplantation, 92-93 
in renal trauma, 90-92 
of renal tumors, 87—90 
RN, 522 
3D sequences vs. 2D sequences, 36 
urolithiasis, 622 
vesicoureteric reflux, 519, 520, 522, 523 
volume-rendered T2-weighted images, 39 
VUR, 511, 520 
for VUR assessment, 83 


Major genetic syndromes, 667 
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Male genital tract 
acute epididymitis, 371 
acute idiopathic scrotal oedema, 373 
acute scrotal pain, 370-371 
causes, 370 
clinical history, 370 
congenital and acquired conditions, 365 
congenital anomalies 
hypospadias, 368 
penile anomalies, 368-369 
scrotal anomalies, 369 
cryptorchidism, 370 
embryology, 367-368 
epididymitis, 373, 374 
epididymoorchitis, 373 
haemorrhage and trauma, 374-375 
Henoch-Schénlein purpura, 373-374 
hydroceles, 370 
hydroceles and hernias, 369-370 
imaging 
algorithms, 370-371 
technique, 366-367 
immediate surgical treatment, 370 
inguinal canal, 369-370 
intrascrotal appendage torsion, 372—373 
perinatal testicular torsion, 372 
priapism, 379 
pseudotumours, 375 
superficial lesions, 380 
symptoms and signs, 370 
testicular and paratesticular tumours, 375-378 
testicular appendages, 370 
testicular torsion 
history and clinical findings, 371 
and tumours, 370 
varicocele, 380 
vascular lesions, genitalia, 379 
Malformations 
ARM, simperforate anus 
anal incontinence, 392 
associated malformations, 387, 388 
associated vertebral anomalies, 388, 389 
atresia level, 388 
embryology, 386-387 
high-intermediate-low classification, 386 
Krickenbeck classification, 386 
partial/complete sacral agenesis, 388 
stool evacuation, 392 
associated, 387-389, 391 
CAKUT, 209, 500 
duplication, 200 
genitourinary system, neoplasms, 692 
lower urinary tract 
cloacal dysgenesis, 175 
fetal MRI, 173 
urogenital fetal imaging, 173-175 
MR genitography, 83 
MSK, 212 
Miillerian duct anomalies, uterovaginal, 332 
renal tumors, 691 


upper urinary tract, 333 
ureteroceles, 69 
urinary tract, 300, 500-501, 637 
urogenital sinus, 173-174 
adrenogenital syndrome, 345 
chromosomal and hormonal abnormalities, 345 
clitoric hypertrophy, 350 
cloacal (see Cloacal malformation) 
diagnostic imaging, 349-350 
in DSD, 346-350 
female hypospadias, 344-345 
fluoroscopic genitography, 349 
genitourinary tract malformations, 350 
neonates with, 345 
physical examination, newborn, 344 
sex determination, 345 
US, 162-163 
vascular, 379 
Malignant hematologic diseases 
Burkitt’s lymphoma, 684, 685 
with non-Hodgkin lymphoma, 684—685 
primary unilateral renal lymphoma, 684 
T-ALL, 684, 686 
Malignant paratesticular tumours, 378 
Malignant rhabdoid tumors of the kidney (MRTK), 
680-68 1 
Malrotation, 179-181, 318 
Maternal-fetal sonography, 311 
Maximum intensity projection (MIP), 154, 460, 620 
arterial, 61 
coronal, 55, 58, 59, 61, 62, 64, 66-68, 73, 74, 76, 77, 
79, 80 
delayed coronal, 63, 67-69, 71-74, 76-78, 80, 82, 91 
sagittal, 462 
T2-weighted, 51 
Mayer-Rokitansky-Kitister-Hauser syndrome, 85 
developmental defects, 332, 333 
genital anomalies, 333, 334 
primary amenorrhea, 333 
Turner syndrome, 335 
type A (typical form), 333 
type B (atypical form), 333 
upper urinary tract malformations, 333 
McCune-Albright syndrome, 357-358 
MCDC. See Medullary cystic disease complex (MCDC) 
MCDK. See Multicystic dysplastic kidney (MCDK) 
Meconium periorchitis, 378 
Mediterranean fever, 227, 604 
Medulla, 41, 45, 49, 67, 150, 152, 574, 576, 591 
ARPKD, 170 
echogenicity, 14—15 
hyperechogenicity, 623 
hyperechoic patches, 579 
hypertonic, 226 
hypoechoic, 151 
in neonate, 155 
renal medullary carcinoma, 681—682 
renal parenchymal involvement, 605 
zones, 151 
Medullary cystic disease complex (MCDC), 576 


Index 


799 


Medullary sponge kidney (MSK), 202, 212, 
579-580, 598 
Megabladder, 22, 171-172, 484 
Megacalycosis, 74, 80, 449, 450 
Megacystis, 313, 316, 318-320, 498 
Megacystis-microcolon hypoperistalsis (MMH) 
syndrome, 172 
Megaureter (MU), 64-67, 75, 131, 165, 259. See also 
Uretero-vesical junction obstruction 
(UVJO) 
antibiotic prophylaxis, 262 
antireflux reimplantation, 459 
crural hernia, 460 
development of, 423 
and megacalycosis, 449 
on MR urography, 458 
natural history, 460 
non-refluxing primary, 534—535 
primary, 269-270, 450, 457-459 
reflux, 459 
ureteral modeling, 459 
urinary tract dilatation, 457 
on US, 457, 458 
Membranoproliferative glomerulonephritis (MPGN), 
221-222, 601 
Membranous glomerulopathy, 601 
Membranous nephropathy (MN), 219, 222-223 
Mesonephros, 145, 146, 330 
Metanephric adenofibroma, 689 
Metanephric adenoma (MA), 688 
Metanephric blastema, 146, 180, 330, 669 
Metanephric stromal tumor, 688-690 
Metanephros, 72, 145, 146 
Microscopic polyangiitis (MPA), 224, 601 
Middle aortic syndrome, 656-658 
Midstream urine (MSU), 235 
Mitrofanoff principle, 726 
Mixed gonadal dysgenesis, 348 
Modified VCUG (mVCUG) technique 
neurogenic bladder, diagnostic imaging, 437 
non-neurogenic bladder-sphincter dysfunction 
bladder filling, 425 
COPUM, 426 
cystographic signs, 425 
electromyographic assessment, pelvic floor 
muscles, 425 
lower urinary tract assessment, 426 
unstable detrusor contractions, 425 
urethral morphology, 426 
WBNA, 426 
MRA. See Magnetic resonance angiography (MRA) 
MRTK. See Malignant rhabdoid tumors of the kidney 
(MRTK) 
MRU. See Magnetic resonance urography (MRU) 
MSK. See Medullary sponge kidney (MSK) 
MSU. See Midstream urine (MSU) 
99mTc-mertiatide, 640 
MU. See Megaureter (MU) 
Miillerian duct anomalies, 84 
bicornuate uterus, 332, 333, 336 


diagnostic imaging 
distal vaginal atresia, hematocolpos, 338, 340 
hydro-/hematocolpos and hydrometro-/ 
hematometrocolpos, 342, 343 
pelvic sonography, 339-340 
renal US and voiding cystourethrography, 339 
ultrasound, 338 
of vaginal anomalies, 344 
imperforate hymen 
with excessive hydrocolpos, 342, 343 
with hydrometrocolpos and ascites, 343 
with moderate hydrocolpos, 342, 343 
lateral fusion disorders, 332, 336, 338 
morphologic features 
neonatal uterus, 338-341 
postpubertal uterus, 341-342, 344 
prepubertal uterus, 341 
pubertal uterus, estrogen stimulation, 340 
Miillerian agenesis/hypoplasia, 332-335 
septate uterus, 333 
unicornuate uterus, 332 
uterovaginal malformations, 332 
uterus didelphys 
with double vagina, 336, 337 
with left-sided vaginal atresia, 340 
uterus duplex unicollis, 336 
vaginal anomalies with/without obstruction, 333, 
337-338 
vertical fusion disorders, 332, 335-336 
Mullerian structures, 175 
Multicystic dysplastic kidney (MCDK), 168-169, 212 
cystic renal lesion, 577-578 
PUJO, differential diagnosis, 456 
renal hypodysplasia contralateral to, 71 
spontaneous involution of, 487 
ureteric obstruction, 337 
uro-nephropathies, 487—488 
VUR, 519 
Multicystic nephroma, 583 
Multilocular cystic nephroma, 688 
Multiloculated cyst, 213, 583 
mVCUG. See Modified VCUG (mVCUG) technique 


N 
nAKI. See Neonatal acute kidney injury (nAKI) 
NC. See Nephrocalcinosis (NC) 
NCS. See Nutcracker syndrome (NCS) 
Neonatal acute kidney injury (nAKI), 295 
ACEI/ATU-RB, 298 
characterization, 298 
congenital renal disorders, 299 
diagnosis, 298-299 
fetal and neonatal renal function, 297—298 
indomethacin, 298 
oliguria, 298 
sepsis-associated, 298 
stages, 298 
treatment, 298-299 
Neonatal intensive care unit (NICU), 298, 628, 637 
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Neonatal oligoanuria, 628 
diagnostic workup and imaging, 630, 631 
imaging methods and findings 
ARF, 634 
CA, 636-637 
CDS and aCDS, 635-636 
childhood, CRF in, 634 
CT and intravenous pyelography, 636 
isotope investigations, 636 
MRI, 638 
plain films, 636, 637 
support therapeutic measures, 634 
ultrasound, 635 
VCUG, 637-638 
planning transplantation, imaging for, 633 
Neonatal ovarian cysts, 356-358 


Neonatal renal failure. See Neonatal acute kidney injury 


(nAKI) 
Neonatal urinary tract dilatation, 771-773 
Neoplasms, genitourinary system 
benign tumors 
angiomyolipoma, 690 
benign stromal tumors, 688—689 
CMN, 686-687 
juxtaglomerular cell tumor, 690-691 
multilocular cystic nephroma, 688 
ossifying renal tumor of infancy, 689-690 
diagnostic strategy, 691-694 
differential diagnosis 
benign bladder tumors, 699—700 
inflammation and infection, prostate, 701 


reactive, inflammatory and infectious lesions of 


bladder, 700 
scrotum, 701 
tumors, prostate, 700 
urothelial neoplasms, 699 
vagina, 701 
infectious diseases, 691 
malformations, 691 
malignant hematologic diseases 
Burkitt’s lymphoma, 684, 685 
with non-Hodgkin lymphoma, 684, 686 
primary unilateral renal lymphoma, 684 
T-ALL, 686 
miscellaneous, 691 
nephroblastoma (see Nephroblastoma) 
non-Wilms’ malignant tumors 
anaplastic sarcoma, 683-684 
CCSK, 678-679 


Ewing’s sarcoma family of tumors, 682-683 


malignant hematologic diseases, 684-686 
MRTK, 680-681 
RCC, 681 
renal medullary carcinoma, 681—682 
renal metastases, 686 
RCC 
clinical findings, 681 
complication, 681 
with hematuria, 681 
majority of, 681 


survival, 681 
von Hippel-Lindau syndrome, 681 
RMS 
clinical features, 695 
epidemiology, 694—695 
follow-up, 699 
histopathology and genetics, 695 
imaging, 695-698 
treatment principles and prognosis, 698—699 


Nephrectomy, 212, 534, 537, 676, 677, 687 


CMN, 686 

compensatory hypertrophy, 149 
Giant PUJO, 455 

MCKD, 212 

PUJ obstruction, 60 

SIOP protocol, 676 
urolithiasis, 615 

VUR, 423 


Nephritic syndrome (NS), 217-223 
Nephroblastoma, 184, 666 


clinical features 
patients with predisposing syndromes, 669 
sporadic Wilms’ tumor, 669 
epidemiology, 666 
FDG PET-CT in, 119-120 
genetic basis, 203 
imaging 
atypical patterns, 670, 671 
bilateral disease, 670-672 
common WT radiological pattern, 669-671 
distant metastases, 675 
locoregional tumor extent, 672-675 
preoperative imaging, 675—676 
management, 87 
MR imaging, 87-90 
nephroblastomatosis, 87-89 
nephrogenic rests, 87 
pathology 
focal anaplasia, 668—669 
high-risk tumors, 668 
intermediate-risk tumors, 668 
NRs and nephroblastomatosis, 669 
SIOP working classification, 668 
triphasic tumor, 666 
prognosis and follow-up 
imaging during follow-up, 677—678 
prognostic factors, 677 
relapses, 677 
survival, 677 
treatment principles 
bilateral Wilms’ tumor, 676 
unilateral Wilms’ tumor, 676 


688 


Nephrocalcinosis (NC), 603, 605, 615, 637 


classification of, 616 

clinical findings, 281-282 
CT, 623—624 

definition, 281 

diagnostic imaging, 282-283 


Nephroblastomatosis, 87, 89, 119, 669, 671, 672, 676, 


Index 


801 


diagnostic procedure, 285, 288 
etiology of, 616 
extra-urinary calcifications, 5 
incidence, 284, 616 
infectious stones, 289 
inhibitors 
hypocitraturia, 289 
THP kidneys, 289 
medication, 290 
MRU, 624 
MSK, 579-580 
promotors 
cystinuria, 288 
hypercalciuria, 285-286 
hyperoxaluria, 286-288 
hyperuricosuria, 288-289 
radiographs and IVU, 624 
and renal stones, 225 
surgery, 290 
ultrasound, 623 
Nephrogenic diabetes insipidus, 204, 225, 602 


Nephrogenic rests (NRs), 87, 666, 669, 671, 673, 677, 


694 
Nephrogenic systemic fibrosis (NSF), 40, 42, 44, 
138-139, 638 

Nephrolithiasis, 204, 579, 623 
Nephrolithotomy, percutaneous 

contraindications, 745 

ESWL and ureteroscopic techniques, 745 

indications, 745 

procedural details and technique, 745-747 
Nephron, 46, 48-50, 54, 72, 151, 295 

acute pyelonephritis, 556-557 

consists of, 151 

CRF, 595 

DMSA static renography, 554 

fetal and neonatal renal function, 146 

formation, 146 

glomerular hypertrophy, 300 

hypoplasia, 170, 208 

renal development, 146 

renal hypoplasia, 568-569 
Nephronophthisis (NPHP), 201, 211, 576, 630 
Nephron-sparing surgery (NSS), 105, 119, 669, 675 
Nephropathic cystinosis, 227, 605 
Nephropathies, 489-490 

AS, 203-204 

Bartter syndrome, 204, 225 

cystinosis, 205 

nephrogenic diabetes insipidus, 204 

nephrolithiasis, 204 

nephrotic syndromes, 204—205 

nocturnal enuresis, 204 

postnatal work-up, 486-487 
Nephrostomy, percutaneous 

benefits of, 736 

contraindications, 737 

endourologic technology, 735-736 

indications, 736 

insertion, 735 


neonate with bilateral UPJ obstructions, 736 


procedural details and technique/technical remarks 


complications, 739 
equipment, 737 
image guidance, 738 
local anesthetic and intravenous sedation/ 
anesthesia, 738 
nephrostomy catheter, selection of, 737 
nephrostomy-related urinoma formation, 739 
posterolateral approach, 739 
standard and stiff guidewires, 737 
standard drains, insertion of, 737 
transient mild hematuria, 739 
ultrasound, 739 
Nephrostomy track dilatation, 740 
Nephrotic syndromes (NS) 
Finnish type, 576 
genetic basis, 205 
and proteinuria, 218-219 
Wilms tumors, 203 
Nephrourologic disorders 
clinicians, 766 
guidelines and beyond 
conditions, 776-778 
considerations, 774-775 
fetal UTD, 776 


urinary tract infection and vesicoureteric reflux, 


715-716 
imaging 
algorithms and procedural recommendations, 
718-779 
clinicians expectation, 766-767 
treatment, pediatric radiologists 
conditions, 773—774 
fetal and neonatal urinary tract dilatation, 
711-773 
UTI, 767-768 
vesicoureteral reflux, 768—771 
Neurofibromatosis type 1, 655, 656, 694 
Neurogenic bladders, 323, 391 
anatomy and physiology, 435—436 
classification, 436—437 
continence, 436 
diagnostic imaging, 437—440 
dysfunction, 125, 390, 394 
etiology, 436 
imperforate anus, 391 
secondary VUR, 514 
voiding, 436 
Next-generation sequencing (NGS), 194, 195 
NICU. See Neonatal intensive care unit (NICU) 
Nitrofurantoin, 245, 768 
Nocturnal enuresis 
causal mechanisms, 419 
genetic basis, 203 
incidence of, 419 
monosymptomatic, 419, 421 
pathogenesis of, 419 
primary, 415, 419, 420, 429 
secondary, 419 
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ureteral bud and bladder trigone differentiation, 


categorizations 

bladder and striated urethral muscle, overactivity, 
410 
diagnosis, 410 
dysfunctional voiding, 410-412 
“functional” urinary symptoms, 410 
Hinman syndrome, 410, 411 
non-neurogenic neurogenic bladder, 418 
non-neuropathic/non-neurogenic bladder- 
sphincter dysfunction, 410, 411 

non-neuropathic vesicourethral dysfunction, 410 
pathophysiology, 410 
unstable bladder, 410-412 
urodynamic classifications, 411 

clinical presentations 
daytime and/or nighttime wetting, 409 
recurrent urinary tract infections, 409 
vesicoureteral reflux, 409 

constipation, 416-417 

definitions, 410 

detrusor-sphincter dysfunction 
during bladder filling, 415 
during micturition, 415 

enuresis 
causal mechanisms, 419, 420 
clinical symptoms, 421 
definition, 419 
monosymptomatic bedwetting, 419, 421 
pathological factors, 420 
primary nocturnal, 419 
secondary nocturnal, 419 
stool retention, 420 
and urinary incontinence, 419-421 

evaluation process 
clinical symptoms, 428 
dysfunctional voiding and unstable bladder, 428 
enuretic children, 428 
incontinence symptoms, 427 
indications, VCUG, 428 
primary monosymptomatic enuresis nocturna, 429 
radiological assessment, children, 427 
scoring system, 427 
upper urinary tract dilatation, 428 
urodynamic abnormalities, 428 
videourodynamic studies, 428 

incidence, 412-413 

modified VCUG technique, 425—426 

in neonates and infants 
bilateral abnormal kidneys, high-grade VUR, 422 
bilateral high-grade fetal dilatation, 422, 424 
detrusor hypercontractility, 422 
detrusor pressure with micturition, 422 
external urinary sphincter after birth, 422 
functional bladder capacity, 423 
hypercontractile detrusor, 424 
moderate bilateral fetal hydronephrosis, 422, 423 
sex-linked developmental anatomy, 422 
transient fetal urethral obstruction, 424 
unstable detrusor contractions, 422 
upper tract pathology, 423 


423 
pathophysiology 
fractionated voiding, 415 
staccato voiding, 415 
therapeutic efficacy, 414 
types, 414—415 
unstable/overactive bladder, 415 
upper tract dilatation, 416 
wetting, fractionated voiding, 416 
patient management, 430 
physiology, 413 
reimplantation surgery failure, 410 
with renal transplantation, 417 
toilet training (bladder control), 414 
UTI, 417-419 
VUR, 417-419 
Nonobstructive vaginal anomalies, 336 
Nonvascular interventions 
endourologic techniques (see Endourologic 
techniques) 
nephrostomy track dilatation, 740 
percutaneous cystostomy, 751 
percutaneous nephrostomy (see Percutaneous 
nephrostomy) 
percutaneous renal biopsy 
imaging-guided renal biopsy, 749-750 
indications, 749 
procedural details and technique, 750-751 
US guidance, 750 
Whitaker perfusion test, 734—735 
Non-Wilms’ malignant tumors 
anaplastic sarcoma, 683 
CCSK, 679 
Ewing’s sarcoma family of tumors, 683-686 
malignant hematologic diseases, 684—686 
MRTK, 680-681 
RCC, 681 
renal medullary carcinoma, 681—682 
renal metastases, 686 
NS. See Nephrotic syndromes (NS) 
NSF. See Nephrogenic systemic fibrosis (NSF) 
NSS. See Nephron-sparing surgery (NSS) 
Nuclear medicine, studies and 
differential renal function, 485, 486 
drainage stimulation, 486 
functional deterioration, 486 
radionuclide renogram, 485 
renal trauma, 724 
tubular tracers, 485 
Nutcracker syndrome (NCS), 154, 606, 760 


(0) 
Obstipation, treatment for, 241 
Obstruction of an unilateral rudimentary horn, 338 
Obstructive uropathies, 48, 256, 299, 562, 594, 771 
CRF, 299 
MR urography, 59, 454 
pelvi-ureteric junction, 164, 165 
secondary hypertension, causes of, 654 
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ureterovesical junction, 165 
urethral, 165-166 
VCUG, 21 
Occlusion balloon catheters, 746 
Ochoa syndrome, 421 
Oligohydramnios, 165, 166, 170, 208, 210, 272, 298, 
299, 493-496, 517, 568, 573, 771 


Omphalocele-exstrophy-imperforate anus-spinal defects 


(OEIS) complex, 398, 402 
Oncological surgery, 542-543 
One-shot intravenous urography, 719 
Ossifying renal tumor of infancy, 689 
Ovarian disorders 
characteristics 
neonatal ovary-containing indirect inguinal 
hernia, 356 
normal ovarian appearance, neonate, 356, 357 
neonatal cysts, 356-358 
torsion 
adnexectomy, 360 
circulatory impairment, 359 
Color and spectral Doppler sonography, 359 
diagnosis, 359 
diffusion-weighted sequences, 360 
features, 359 
hemorrhagic necrosis, 359, 360 
multiple cortical follicles, 359 
pelvic pain, 359 
risk of torsion, 359 
sonography, 359 
stages, 359 
symptoms, 359 
twisted ischemic ovary, 360 
twisted vascular pedicle and the whirlpool sign, 
359-360 
Ovotesticular disorder, chimeric, 348—349 


P 
Paediatric renal radionuclide imaging 
DMSA 
indications, 109-115 
SPECT, 119 
dynamic renography, 109 
FDG PET-CT, 119 
isotope cystography 
DIC, 116 
IRC, 116-118 
MAG3 Tc99m renography, 109-115 
PTLD, 119-120 
static renal scan, 104-105 
Page kidney, 276, 643, 721 
Pallister-Hall syndrome (vaginal atresia), 333 
Patlak-Rutland plot method, 111, 113 
PCD. See Pelvicalyceal dilatation/distension (PCD) 
PD. See Peritoneal dialysis (PD) 
PE. See Percutaneous endopyelotomy (PE) 
Pediatric genitourinary intervention 
nonvascular 
endourologic techniques (see Endourologic 
techniques) 


nephrostomy track dilatation, 740 
percutaneous cystostomy, 751-752 
percutaneous nephrostomy (see Percutaneous 
nephrostomy) 
percutaneous renal biopsy, 749-751 
Whitaker perfusion test, 736 
percutaneous techniques, 733 
percutaneous treatment, 733-734 
vascular (see Vascular interventions) 
Pediatric intensive care unit (PICU), 297 
Pediatric-modified RIFLE criteria (pRIFLE), 296 
Pelvicalyceal dilatation/distension (PCD), 129-131, 
155, 256-261, 263, 793 
Pelvi-calyceal system, 155-156, 515, 516, 521-523 
Pelvic excretion efficiency (PEE), 109, 111, 114 
Pelvic fractures, 725, 727 
Pelvi-ureteric junction obstruction (PUJO), 164, 165, 
257, 260, 772 
active intervention, 530 
anatomic anomalies, 454 
clinical symptoms, 530 
complications, 268, 530 
crossing vessels, 60 
differential diagnosis, 456 
extrinsic stenosis, 258—259 
failed pyeloplasty, 60, 62 
forms of 
Dietl’s crisis, 456 
giant PUJO, 454 
and horseshoe kidney, 456, 458 
intermittent obstruction, 456 
and ureterovesical junction obstruction, 
456 
and urinoma, 456 
and urolithiasis, 456, 457 
functional diuretic MR urography, 533, 534 
impaired renal function, 530 
interventional treatments, 263 
intrinsic stenosis, 258 
natural history and treatment, 456 
nephrostogram, nephrostomy catheter, 
530, 532 
open pyeloplasty, 530, 532 
postoperative drainage system, 532, 533 
postoperative image, 268 
progression of obstruction, 457 
surgery 
findings and indication for, 268 
management, 530 
procedure, 268 
symptoms, 454 
ureteric anomalies, 63—64 
uro-nephropathies, 487 
Penile anomalies, 368—369 
Pepper-salt kidney, 574 
Percutaneous cystostomy, 751-752 
Percutaneous endopyelotomy (PE), 747 
Davis intubated ureterostomy, 747 
indications, endopyelotomy, 747, 748 
PE, 747 
procedural details and technique, 748-749 
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Percutaneous nephrolithotomy 
contraindications, 745 
ESWL and ureteroscopic techniques, 745 
indications, 745 
procedural details and technique, 745-747 
Percutaneous nephrostomy, 748 
benefits of, 736 
contraindications, 737 
endourologic technology, 735-736 
indications, 736, 737 
insertion, 735 
neonate with bilateral UPJ obstructions, 736 
procedural details and technique/technical remarks 
complications, 739 
equipment, 737 
image guidance, 738 
local anesthetic and intravenous sedation/ 
anesthesia, 738 
nephrostomy catheter, selection of, 738 
nephrostomy-related urinoma formation, 739 
posterolateral approach, 739 
standard and stiff guidewires, 736, 737 
standard drains, insertion of, 737 
transient mild hematuria, 739 
ultrasound, 739 
PUJO, 530, 534 
Percutaneous pyeloplasty. See Percutaneous 
endopyelotomy 
Percutaneous renal angioplasty 
cross-sectional imaging, 752-753 
procedural details and technique, 753-756 
angiographic examination, 753 
CBA, 754, 755 
complications, 753 
follow-up angiogram, 753-754 
selective catheter, 753 
PTRA, 752 
renal vein renin sampling, 753 
renovascular hypertension, 752-753 
Percutaneous renal biopsy 
imaging-guided renal biopsy, 750 
indications, 750 
procedural details and technique, 750-751 
US guidance, 750 
Percutaneous transluminal renal angioplasty (PTRA), 
752-756 
Perinephric hematoma, 90, 643 
Peripheral primitive neuroectodermal tumor (pPNET), 
682-683 
Peritoneal dialysis (PD), 301, 302, 630-632, 638 
Peritoneal equilibration test (PET), 119, 302 
Periureteral edema, 621, 622 
Persistence fetal lobulation, 148 
Persistent hypocomplementemia, 221 
Persistent urinary tract infection, 5 
PET. See Peritoneal equilibration test (PET) 
Physiologic data, 785-786 
PICU. See Pediatric intensive care unit (PICU) 
Placental aromatase deficiency, 347—348 
Plain films 


abdomen, 392-393, 457, 482, 517 
associated malformations, 388, 389 
bladder stones, 324 
KUB, 4 
lumbar spine, 405 
MSK, 579-580 
normal bladder, absence of, 312-313 
PUJ obstruction and lithiasis, 456, 457 
reflux and lithiasis, 515, 517 
renal failure, 636, 637 
renal parenchymal disease, 609, 610 
Politano-Leadbetter reimplantation, 270 
Polycystic kidney disease 
ADPKD, 574 
ARPKD, 573-574 
GCKD, 576-577 
MCDC and NPHP, 576 
recessive-type, 480 
Polycystic ovarian disease, 357 
Positron emission tomography (PET)-CT 
rTX, 647 
staging, 698 
Posterior reversible encephalopathy syndrome (PRES), 
219, 645, 646 
Posterior urethral valves (PUV), 8, 16, 17, 23, 106, 269, 
480, 481, 496, 538-541, 771 
abnormal mucosal folds, 314 
complications, 273 
live-related donor transplant, 106 
lower urinary tract obstruction, in male fetuses, 165 
megacystis—megaureter association, 517 
membranous obstruction, 314 
mesoderm formation, primary defect in, 495 
in neonates 
bilateral dilatation fo teh ureters, 315 
cystic dysplastic appearance, kidneys, 315, 316 
differential diagnosis, 316 
pelvicaliceal system, 315 
iodinated contrast medium, 318 
management, 313-314 
neuropathic causes, dysfunctional voiding, 318, 
319 
perirenal urinoma, 315 
radiological evaluation, 315 
renal dysplasia, 315 
retrograde catheterization, 316 
suprapubic micturating cystourethrography, 316, 
317 
voiding cystourethrogram, 315 
obstructive forms, 314 
in older boys, diagnosis, 319 
postoperative image, 273 
PUJO, 455 
renal consequences, 314 
surgery, findings and indication for, 271-273 
surgical procedure, 273 
types, 314 
UTD, 259-260 
VCUG, 637 
Post-/parainfectious glomerular disease, 600 
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Posttransplant lymphoproliferative disorder (PTLD), 
119-120, 304, 647-648 
Potter’s syndrome, 567, 573 
Predictive testing, 197 
Preimplantation genetic diagnosis (PGD), 197 
Prenatal diagnosis (PD), 161 
ARPKD, 201 
bladder exstrophy, 398 
female fetuses, 316 
fetal intervention, 314 
genetic counseling, 196 
hydronephrosis, 8 
lower urinary tract obstruction, 13 
megacystis, 313 
normal bladder, absence of, 312—313 
PUV, 314 
unilateral hydronephrosis, 114, 116 
Pressure-flow perfusion test, 734-735 
Priapism, 757, 758 
ischaemic, 379 
neonatal, 379 
non-ischaemic, 379 
pRIFLE. See Pediatric-modified RIFLE criteria 
(pRIFLE) 
Primary bladder stones, 284 
Primary hypercalciuria, 285-286 
Primary hyperparathyroidism, 286 
Pronephros, 145—146 
Prostate 
inflammation and infection, 701 
RMS, 695, 696 
tumors, 700 
Proteinuria, 218-219, 221, 227, 247, 286, 297, 576, 600, 
788 
Prune-belly syndrome, 322, 326 
clinical presentation, 494 
with dysplastic calyces, 74 
fetal US, 165, 166 
incidence, 494 
management, 499-500 
megacystis, 313 
obstetric ultrasound and antenatal diagnosis, 496-497 
pathogenesis 
bladder histology, fetuses, 495 
primary defect, mesoderm formation, 495 
urethral obstruction, 496 
pathogenetic mechanism, 493 
pathology, 494 
postnatal diagnostic approach 
computed tomography, 499 
dynamic renography, 498 
intravenous urography, 499 
magnetic resonance imaging, 499 
megacystis, 498 
renal and urinary tract ultrasonography, 497 
static renal scan, 498—499 
VCUG, 315, 317, 498 
prognosis, 499 
treatment of, 499-500 
urethral aplasia, oligohydramnios syndrome, 493 


Pseudoexstrophy, bladder, 401-402 
Pseudo-nutcracker syndrome, 593, 606 
Pseudo-prune belly syndrome. See Prune-belly 
syndrome 
Pseudotumoral acute pyelonephritis, 691 
Pseudotumoral cystitis, 324, 325, 700 
Pseudoureterocele, 70, 274 
Psoas-hitch technique, 246, 271, 272 
PTLD. See Posttransplant lymphoproliferative disorder 
(PTLD) 
PTRA. See Percutaneous transluminal renal angioplasty 
(PTRA) 
PUJO. See Pelvi-ureteric junction obstruction 
(PUJO) 
Pulse repetition frequency (PRF), 619 
PUV. See Posterior urethral valves (PUV) 
Pyelonephritis, 231, 489, 499, 554, 556, 646, 736 
ABU, 238 
acute bacterial nephritis, 556-557 
characterization, 231 
complicated, 237 
CT, 555 
and cystitis, 236 
DMSA scan, 238-239 
late infancy and childhood, 237 
MRI, 554-555 
newborns and early infancy, 236-237 
pseudotumoral acute, 691 
renal abscess, 557-558 
and renal scarring, 75, 77, 82, 92, 93, 404, 550, 
558-559 
sonographic signs, 552-554 
in transplanted kidney, 93 
US, 552-554 
VUR, 241-247 
XPN, 559-560, 691 
Pyeloplasty, 52, 53, 57, 60-62, 258, 261, 735 
open, 530 
percutaneous, 747-749 
PUJ obstruction, 60-62, 532, 533 
ureteral reimplantation, 262-263 


R 
Radiography 
after ureteric reimplantation, 552 
high-end digital systems, 5 
kidney-ureter-bladder (KUB) film, 622 
nephrocalcinosis, 622 
surgical complications, 541 
urolithiasis, 622 
Radiopaque iodine-based contrast agents, 135-137 
Rapidly progressive glomerulonephritis (RPGN), 
220-221, 594 
RBE. See Renal blood flow (RBF) 
RCC. See Renal cell carcinoma (RCC) 
RD. See Renal dysplasia (RD) 
Reflux nephropathy (RNP), 234, 242-243, 247, 
392, 522, 770 
Renal abscess, 237, 557-558, 692 
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Renal agenesis, 128 
bilateral, 209 
CAKUT, 209 
contralateral kidney, 488 
cystoscopy, 568 
genetic basis, 203—204 
MRI, 566 
postnatal imaging, 566 
unilateral, 208 
US, 566, 567 
Renal allograft 
rTX, 640-641 
US evaluation, 640, 641 
VUR, 418 
Renal arterial embolization, 756, 760 
Renal artery stenosis (RAS), 42, 569, 654, 656, 755 
Renal biopsy 
complications, 607—610 
extra-renal complications, 609-610 
histological classification, 607 
imaging findings, 609 
plain film, 609 
US-guided, 608 
Renal blood flow (RBF), 298, 594, 601 
Renal cell carcinoma (RCC) 
clinical findings, 681 
complication, 680 
with hematuria, 682 
majority of, 681 
survival, 681 
von Hippel-Lindau syndrome, 681 
Renal coloboma syndrome, 198, 500 
Renal corticomedullary abscesses, 238 
Renal dysplasia (RD), 170, 172, 209, 244, 577 
Renal ectopy, 180-181 
Renal failure, 219 
CRF, extrarenal imaging in, 633-634 
definitions, 628 
imaging methods and findings 
ARF, 634 
CA, 636-637 
CDS and aCDS, 635-636 
childhood, CRF in, 634 
CT and intravenous pyelography, 636 
isotope investigations, 636 
MRI, 638 
plain films, 636, 637 
support therapeutic measures, 634 
ultrasound, 635 
VCUG, 637-638 
planning transplantation, imaging for, 633 
renal imaging, 628-630 
RPD and 
acute presentation, 592-593 
causes, 592, 593 
clinical aspects, 592-594 
initial imaging, 592 
manifestation, 594 
mechanisms, 594 
Renal fibrosarcoma, 687 


Renal-genital-ear anomalies, 333 
Renal hypodysplasia, 71, 300, 770 
Renal hypoplasia 
aCDS, 569, 570 
catheter angiography, 569 
definition, 209, 568 
with massive hydroureteronephrosis, 66 
mixed renal hypoplasia, 568 
simple renal hypoplasia, 568 
standardized volume calculations, 568 
Renal injuries 
AAST classification 
grade I, 720 
grade II, 720, 721 
grade II, 720, 721 
grade IV, 720, 722 
grade V, 720, 723 
ureteropelvic junction disruption, 722 
CT, 723-724 
imaging complications and sequelae, 724-725 
ultrasound, 722-723 
Renal medullary carcinoma, 604, 681—682 
Renal osteodystrophy (ROD), 300, 633 
Renal parenchymal disease (RPD) 
advanced imaging 
biopsy, 607—609 
ultrasonography and Doppler sonography, 
605-607 
causes, 592 
classic entities, 592 
compartments, renal parenchyma, 591 
definition, 591 
glomerular disease, 219-223 
hematuria, 218 
hypertension, 219 
imaging findings 
glomerular disease, 599-601 
HUS, 601, 602 
systemic disease, 603—605 
tubular disorders, 602 
tubulointerstitial nephritis, 602 
vasculitis, 601 
nephritic syndrome, 218 
presentation, 218 
primary imaging management 


clinical symptoms and laboratory findings, 695 
differential diagnosis, sonographic renal changes, 


596-597 
hydration and diuresis, 599 
initial assessment, 599 
initial study, 595, 598 


intravascular volume and potential effusions, 598 
urinary system, dilatation and differentiation, 598 


proteinuria, 218-219 

and renal failure, 219 
acute presentation, 592-593 
causes, 592, 593 
clinical aspects, 592-594 
initial imaging, 692 
manifestation, 594 
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mechanisms, 594 
systemic disease, 225-227 
tubular dysfunction, 219 
vascular and tubulointerstitial disease, 223—225 
Renal pelvis and ureter, 771 
causes, 446 
congenital anomalies, 446 
duplex collecting systems (see Duplex collecting 
systems) 
imaging, 446-447 
in single and bifid collecting systems 
bifid collecting systems, 462, 463 
calyceal diverticulum, 447 
ectopic ureter, 461-462 
Fraley’s syndrome, 448 
hydrocalyx, 448, 449 
hydroureter, 457, 458 
infundibular stenosis, 448, 449 
megacalycosis, 446, 448, 450 
megaureter, 457—458 
polycalicosis, 449, 450 
ureteral wall lesions, 460 
ureterocele and single collecting system, 462 
ureteropelvic obstruction (see Ureteropelvic 
junction obstruction (UPJO)) 
triplication and quadruplication, 473 
Renal ptosis, 180-181 
Renal scarring, 234, 558-559 
Renal stone disease, 287, 543-544 
Renal transit time (RTT), 52, 62 
Renal transplantation (RTx), 289 
acute problems, 303 
acute rejection, 303 
considerations, 638-639 
infections, 303-304 
living-related donor, 303 
MR imaging in, 92-93 
postoperative and surveillance imaging, 639-640 
posttransplant complications, 641, 642 
drug toxicity, 645-646 
graft dysfunction, 642 
infections, 645—647 
surgical complications, 643-645 
prognosis, 304 
PTLD, 304, 647-648 
regular follow-up, 303 
renal allograft, 640-641 
surgical technique, 639 
tacrolimus, 303 
Renal trauma. See also Urinary tract trauma 
clinical management, 276 
complications, 276 
imaging, 276 
MR imaging in, 90-92 
postoperative/follow-up imaging, 276 
surgical procedures, 276 
Renal tubular dysgenesis (RTD), 298 
Renal tumors, 202, 583—584 
benign tumors 
angiomyolipoma, 690 


benign stromal tumors, 688—689 
CMN, 686-687 
juxtaglomerular cell tumor, 690-691 
multilocular cystic nephroma, 688 
ossifying renal tumor of infancy, 689-690 
cystic, 213, 566, 583 
diagnostic strategy, 694-697 
infectious diseases, 691 
malformations, 691 
malignant hematologic diseases 
Burkitt’s lymphoma, 684, 685 
with non-Hodgkin lymphoma, 684—685 
primary unilateral renal lymphoma, 684 
T-ALL, 684, 686 
miscellaneous, 691 
MRI, 87-89 
multicentric Wilms’ tumor, 87, 88 
nephroblastomatosis, 87, 89 
non-Wilms’ malignant tumors 
anaplastic sarcoma, 683-684 
CCSK, 678-680 
Ewing’s sarcoma family of tumors, 682—683 
malignant hematologic diseases, 684—686 
MRTK, 680-682 
RCC, 681-686 
renal medullary carcinoma, 681—682 
renal metastases, 686 
Renal vasculature, 14, 153 
Renal vein, 152, 154, 593, 606, 759-760 
Renal venous thrombosis, 10, 168, 297, 596, 616 
Reninoma. See Juxtaglomerular cell tumor 
Renovascular disease (RVD). See Renovascular 
hypertension (RVH) 
Renovascular hypertension (RVH), 654 
causes, 654-655 
clinical presentation, 654 
endovascular treatment, 659-660 
imaging 
CTA, 657-658 
DSA, 659 
MRA, 659 
post-captopril renal scintigraphy, 657 
US with Doppler, 655-657 
Retrograde urethrography (RUG), 24-25, 368 
Rhabdomyosarcoma (RMS) 
clinical features, 695 
epidemiology, 695 
follow-up, 699 
histopathology and genetics, 695 
imaging 
distant metastases, 697, 698 
locoregional tumor extent, 695—697 
staging, 697-698 
treatment principles and prognosis, 698—699 
Risk, Injury, Failure, Loss, and End-stage renal disease 
(RIFLE), 296 
RMS. See Rhabdomyosarcoma (RMS) 
RNP. See Reflux nephropathy (RNP) 
Roberts syndrome, 333 
RPD. See Renal parenchymal disease (RPD) 
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RTD. See Renal tubular dysgenesis (RTD) 
RTx. See Renal transplantation (RTx) 
Rutland-Patlak technique, 46 

Rutner valve, 748 

RVH. See Renovascular hypertension (RVH) 


S 
Sandwich technique, 759 
Schinzel-Giedion syndrome, 333 
Scintigraphy 
cortical, 236 
cystic renal disease, 571 
DMSA (see Dimercaptosuccinic acid (DMSA)) 
DRF, 57 
impaired drainage, 50 
MAG3, 54 
renal hypoplasia, 568-569 
SCr. See Serum creatinine (SCr) 
Scrotal anomalies, 369 
Scrotal haematoma, 375 
Scrotal injuries, 728—729 
Scrotum 
acute testicular torsion, 371 
causes, 370 
clinical history, 370 
imaging algorithms, 370-371 
perinatal testicular torsion, 372 
right-sided testicular torsion, 371 
signs, 370 
symptoms, 370 
Secondary/enteric hyperoxaluria, 287—288 
Secondary hypertension, 561, 654-655 
Secondary testicular malignancy, 376 
Sertoli cell tumour, 376 
Serum creatinine (SCr), 297, 298, 786 
Serum procalcitonin, 236, 240 
Sex chromosome disorders, sexual development, 
248-249 
Sex cord-stromal tumours, 376 
SFU grading system. See Society for Fetal Urology 
(SFU) grading system 
Sickle cell disease, 226, 603—604 
Sickle cell nephropathy (SCN), 226 
Simple renal cysts, 212-213, 580-582, 584 
Society for Fetal Urology (SFU) grading system, 261, 
262 
Sono-elastography, 20 
Sonography. See also Doppler sonography 
fetal, 311 
in haemolytic-uraemic syndrome, 601, 602 
in HUS, 601, 602 
M-mode, 12 
ovarian torsion, 359 
pelvic, 339 
renal and vascular injury, 276 
ureteral jets, 13 
Spectral Doppler analysis, 640, 641 
Spermatoceles, 378 
Split-bolus technique, 27, 137 


Sporadic Wilms’ tumor, 669 

Steroid-resistant nephrotic syndrome (SRNS), 222 
Steroid-sparing therapy, 222 

Strain elastography, 20 

Strict ROD therapy, 301 

Struvite stones, 283, 289 

Supernumerary kidneys, 128, 181-182 

Suprapubic micturating cystourethrography, 317 
Systemic lupus erythematosus (SLE), 225-226, 603 


T 
Tacrolimus, 303, 645 
Tamm-—Horsfall protein (THP), 129, 155, 289, 565 
Tc-99m MAG3 renography 
adequate hydration, 112 
advantages, 112 
disadvantages, 113 
diuretic administration, 110 
dose, 110 
DRF, 111 
limitations, 110 
Patlak-Rutland plot method, 111 
PEE, 111, 114 
post-micturition images, 110, 112, 115 
renal cadaveric transplant, after, 111, 113 
ROI, 111 
Technetium-99m di-mercapto-succinic acid (Tc-99m 
DMSA) 
advantages, 108 
disadvantages, 108 
DRF, 108 
SPECT, 107 
UTI, 104, 105 
Testes 
complications, 277 
imaging, 277 
postoperative/follow-up imaging, 277 
surgery, 277 
UDT, 277 
Testicular fracture, 374, 728 
Testicular microlithiasis, 377—378 
Testicular trauma, 374-375 
Thoracic kidney, 181, 182 
Three-dimensional US (3DUS), 567 
Thrombocytopenic purpura (TTP), 224 
Thrombotic microangiopathy (TMA), 224-226, 296 
Tissue rim sign, 621, 622 
Toilet training, 414 
Transient mild hematuria, 739 
Transplant renal artery stenosis (TRAS), 92-93 
Triad syndrome. See Prune-belly syndrome 
Trimethoprim, 245, 768 
Triphasic tumor, 666 
Tuberculous, 562 
Tubular dysfunction, 219, 225 
Tubulointerstitial fibrosis, 300 
Tubulointerstitial nephritis (TIN), 225, 602—603 
Twinkling sign, 618-620, 623, 778 
Tyrosinemia, 286 
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U 
UDT. See Undescended testes (UDT) 
Ultrasound (US), 566, 567, 790, 792-794 
acute pyelonephritis, 9 
ADPKD, 169-170, 574 
applications, 7 
ARF, 628 
ARPKD, 170, 573-574 
botryoid type of Wilms’ tumor, 670, 671 
CA, 134-135 
colour Doppler sonography, 13, 14 
complicated cyst, 582-584 
corticomedullary differentiation, 9 
CRF, 630 
equipment, 11—12 
fetal malformations, 162-163 
in glomerulonephritis, 593 
greyscale, 12 
HUS, 601, 602 
hydronephrosis, 8 
indications, 8—11 
inferior vena cava thrombosis, 672, 673 
lymphoceles, 643, 644 
malignant hematologic diseases, 684, 697 
MCDC and NPHP, 576 
in MCDK, 168-169 
in megaureter, 165 
M-mode sonography, 12 
MR angiography, 601 
multicystic nephroma and multiloculated cysts, 583 
NCS, 759 
neonatal kidney by, 154-156 
neonatal oligoanuria, 630 
nephrocalcinosis, 623 
nephrogenic rests and Wilms’ tumors, 671, 673 
nephrourologic disorders, 765 
normal fetal bladder, 163 
normal fetal renal, 162 
ossifying renal tumor of infancy, 689-690 
in pelvi-ureteric junction obstruction, 164 
percutaneous nephrostomy, 740 
percutaneous renal biopsy, 749 
preparation, 12-13 
priapism, 757 
of proximal urethra, 166 
in prune belly syndrome, 165, 166 
in pseudo-nutcracker syndrome, 593 
pseudotumoral cystitis, 700 
RCC, 681 
renal 
abscess, 691 
biopsy, 608 
dysplasia, 569, 570 
failure, 594, 629, 635 
hypoplasia, 567 
injuries, 720-722 
scarring, 558-559 
vein thrombosis, 10 
of renal cystic dysplasia, 170, 171 
in renal duplication, 166—168 


in renal vein thrombosis, 171 
right kidney, 11 
right renal vein tumor thrombosis, 673 
RMS, 694, 695 
RPD, 605-607 
RVH, 655-656 
scanning technique 
lower urinary tract, 13, 14 
upper urinary tract, 13-15 
scrotal injuries, 728-729 
scrotum, 701 
sickle cell disease, 604 
simple renal cyst and acquired renal cyst, 582 
SLE, 603 
in tissue harmonic imaging, 12, 14 
ureterocele, 13, 167 
urinary tract infection and vesicoureteric reflux, 
715, 776 
urolithiasis, 616 
color Doppler, 618-620 
grayscale, 616-618 
UTI, 552-554 
vasculitis, 601 


Undescended testes (UDT), 277 

Unilateral obstructive vaginal septum, 337-338 
Unilateral renal dysplasia, 74, 76 

Unilateral Wilms’ tumor (UWT), 673 

Upper urinary tract dilatation 


antenatal detection, 477 
postnatal work-up 
antenatal diagnosis, 480 
bilateral lung hypoplasia, 480 
clinical situations, 480 
ectopic ureterocele, 480 
functional assessment (see Nuclear medicine, 
studies and) 
giant PUJO, 480, 482 
imaging algorithm, 478, 479 
morphological assessment, 484 
MR imaging, complicated duplex kidney, 485 
neonatal MR urography, left megaureter, 
483, 484 
neonatal puncture of ureterocele, 480, 481 
of nephropathies, 486-487 
posterior urethral valves, 480, 481 
right pneumothorax, 480 
sonographic classification, 478, 479 
ureterocele prolapse, 480, 481 
of uropathies, 480-483 
VCUG, 480, 482 
VUR, 482 


Urachus, 325-326 
Ureteral dilatation and stenting 


antegrade approach, 741-742 

indications, 742 

internal-external nephroureterostomy stents, 741 
metallic stents, 740 

percutaneous approach, 740 

percutaneous management, 742 

procedural details and technique, 742-745 
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Ureteral necrosis, 645 
Ureteral peristalsis, 12, 269, 541 
Ureteral reimplantation, 262 
Ureteral stone, 283, 284, 290 
Ureteric bud, 146, 242 
Ureteric stricture, 63 
Ureterocele (U-cele) system 
complications, 274 
definition, 69 
duplex collecting systems 
cecoureterocele, 469, 470 
small obstructive U-cele, 469, 472 
ureterocele eversion, 471, 472 
ectopic, 69 
management, 69 
orthotopic, 69, 70 
postoperative imaging, 574 
and single collecting system, 462 
surgery, findings and indication for, 273-274 
surgical procedure, 274 
VCUG, 22-24 
Uretero-pelvic duplication, 166-167 
Ureteropelvic junction obstruction (UPJO) 
diagnosis 
differential renal function, 451 
diuretic renogram, 451, 452 
Doppler analysis, renal arteries, 450 
fetal uropathies, 450 
functional deterioration, risk factors, 452 
grading systems, 450 
imaging techniques, 450 
MR urography, 452 
normalized residual activity, 451 
output efficiency, 451-452 
pressure measurements, 452 
radioisotope study, furosemide injection, 451 
renal drainage interpretation, 451 
urinary tract dilatation, 446, 450 
Whitaker test, 452 
PUJO (see Pelvi-ureteric junction obstruction 
(PUJO)) 
Uretero-vesical junction obstruction (UVJO), 164-165, 
489, 534-535 
bilateral hydronephrosis, 67, 68 
bilateral ureteral dilatation, 269 
complications, 270 
dilated tortuous ureter, 269 
ectopic upper pole insertion, 65, 68 
follow-up, 269 
megaureters, 64, 65, 67 
MR urography, 65, 66 
renal hypoplasia, 66 
surgery, findings and indication for, 269 
surgical procedure, 269 
UTD, 61, 260, 261 
VUR, 65 
Urethra 
congenital anomalies 
appendicovesicostomy, 538 
bladder exstrophy, 537 
cloacal exstrophy, 537 


epispadias, 537 
posterior urethral valve, 538-539, 541 
urinary tract diversion, 537 
VUR, 541-542 
development, 147 
female, 158, 159 
incisura, 157 
male, 157-158 
micturition, 158 
VCUG, 156, 158 
Urethral congenital abnormalities 
bulbous urethra duplication, 322, 323 
cystourethroscopy, 322 
epispadias, 322 
exstrophy-epispadias complex, 322 
hypospadias, 322 
megalourethra, 322 
Urethral injuries, 726-728 
Urethral obstruction, 165—166, 496, 504 
Urge syndrome, 410-412 
Uric acid stones, 284, 285, 288 
Urinary bladder, 131 
anatomy and variants, 156-157 
bilateral herniation, 156 
congenital anomalies 
appendicovesicostomy, 538 
bladder exstrophy, 537 
cloacal exstrophy, 537 
epispadias, 537 
posterior urethral valve, 538-539, 541 
urinary tract diversion, 537 
VUR, 541-542 
development, 147 
measurements, 790, 794 
VCUGs, 156 
Urinary tract dilatation (UTD) 
antenatal detection, 477 
epidemiology, 255-257 
etiology, 257 
examinations, 261 
grading systems, 261, 262 
obstruction, definition of, 256—257 
PCD, 257, 260 
postnatal work-up 
antenatal diagnosis, 480 
bilateral lung hypoplasia, 480 
clinical situations, 480 
ectopic ureterocele, 480 
functional assessment (see Nuclear medicine, 
studies and) 
giant PUJO, 480, 482 
imaging algorithm, 478, 479 
morphological assessment, 484 
MR imaging, complicated duplex kidney, 485 
neonatal MR urography, left megaureter, 483, 484 
neonatal puncture of ureterocele, 480, 481 
of nephropathies, 486-487 
posterior urethral valves, 480, 481 
right pneumothorax, 480 
sonographic classification, 478, 479 
ureterocele prolapse, 480, 481 
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of uropathies, 480-483 
VCUG, 480, 482 
VUR, 482 
PUJ, 260 
extrinsic stenosis, 258—259 
intrinsic stenosis, 258 
subvesical obstruction, 259-260 
treatment 
antibiotic prophylaxis, 262 
interventional treatment, 263 
postoperative imaging, 263 
pyeloplasty, 262 
ureteral reimplantation, 262 
UVJ, obstruction at, 259 
VUR, 260 
Urinary tract infections (UTIs), 9, 104, 549-550, 
767-768, 775-776 
acute focal bacterial nephritis, 237—238 
antibacterial therapy, 236 
antibiotics, 236 
asymptomatic bacteriuria, 238 
classification, 231—232 
colour/power Doppler sonography techniques, 9 
complications 
acute bacterial nephritis, 556-557 
cystitis, 560-561 
renal abscess, 557-558 
renal scarring, 558-559 
XPN, 559-560 
cystitis, 238, 324 
cystourethritis, therapy for, 238 
definition, 231 
diagnosis 
dipstick test and microscopy, 235 
pyelonephritis vs. cystitis, 38 
urine culture, 235-236 
urine sampling, 235 
diagnostic work-up 
bladder function diagnostics, 240 
imaging, 238-241 
serum and urine markers, 240 
epidemiology, 232 
etiology, 232-233 
infravesical obstruction, bilateral hydronephrosis, 227 
nodular echogenic lesion, 226 
parasitic infection, 226 
pathogenesis, 232-233 
and patient selection, imaging, 550-551 
progression of, 555 
prophylaxis, 240-241 
pyelonephritis, 234 
complicated, 237 
late infancy and childhood, 237 
newborns and early infancy, 236-237 
radiological examinations 
DMSA, 555 
IVU, 555 
MRI, 554-555 
US, 552-554 
VCUG, 555 
renal cortical abscesses, 237—238 


renal corticomedullary abscesses, 238 
renal scarring, 234 
schistosomiasis, 325 
symptoms, 234 
therapeutic success, control of, 238 
unusual infections 
bilharziasis, 562 
hydatid disease, 562 
renal candidiasis, 561 
tuberculous, 562 
voiding dysfunction 
risk factors, 417 
toilet training, 417 
Urinary tract malformations 
cloacal malformation, 175 
gene defect, syndromes associated with, 500 
prune belly syndrome, 497 
urogenital sinus malformation, 173-175 
voiding cystourethrography, 637—638 
Urinary tract trauma 
bladder injury, 725 
blunt abdominal trauma, 713-715 
clinical evaluation 
children with minor and moderate trauma, 716-717 
children with severe trauma and multiple injuries, 
715 
imaging strategy, 718-720 
technical environment, impact, 717—718 
renal injuries, 720-723 
scrotal injuries, 728-729 
urethral injuries, 726-728 
Urinary values, 786 
Urine extravasation 
PUJ, 269 
renal trauma, 276 
UVJ, 270 
VUR, 271 
Urine markers, 240 
Urine production, 628 
Urine values, 788 
Urinoma. See Urine extravasation 
Urogenital fetal imaging 
complex lower urinary tract malformations, 173-175 
fetal bladder anomalies, 171—173 
fetal nephropathies, 168—171 
fetal uropathies, 164-168 
MRI, 163-167 
US, 162-163 
Urogenital sinus malformation, 84, 149, 173-175 
adrenogenital syndrome, 345 
chromosomal and hormonal abnormalities, 345 
clitoric hypertrophy, 350 
cloacal (see Cloacal malformation) 
diagnostic imaging, 349-350 
in DSD, 346-350 
female hypospadias, 345 
fluoroscopic genitography, 349 
genitourinary tract malformations, 350 
neonates with, 344—345 
physical examination, newborn, 344 
sex determination, 345 
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Urogenital system 
ciliopathies, 200-202 
duplication malformations, 200 
hydronephrosis, 198, 199 
hypospadias, 200 
kidney, hereditary tumors, 202-203 
renal agenesis, 198 
VUR, 200 
Urolithiasis, 615-616 
clinical findings, 28 1-282 
complications, 277 
CT, 620-622 
definition, 281 
diagnostic imaging, 282-283 
diagnostic procedure, 285, 288 
extrinsic factors, 289 
imaging, 277 
incidence, 284 
infectious stones, 289 
inhibitors 
hypocitraturia, 289 
THP kidneys, 289 
kidney stones, 278 
medication, 290 
MRU, 622 
promotors 
cystinuria, 288 
hypercalciuria, 285-287 
hyperoxaluria, 286-288 
hyperuricosuria, 288-289 
radiography and intravenous urography, 622 
surgery, 290 
treatment, indications for, 278 
ultrasound, 616 
color Doppler, 618-620 
grayscale, 616-618 
Urologic anomalies 
complications, 389-390 
functional anomalies, 391—392 
incidence, 390 
occult spinal dysraphism, 391 
radiological/urologic evaluation, 389-390 
rectourethral fistula, 394 
structural anomalies, 390-391 
Uromodulin (UMOD), 565 
Uro-nephropathies 
ADPKD evolution, 490 
complicated duplex collecting systems, 489 
management, 489, 490 
MCDK, 489 
multicystic dysplastic kidney, 487 
prophylactic treatment, 487 
PUJ obstruction, 488—489 
renal ectopia, 487 
renal functional impairment, 486 
small cysts, diagnosis, 486, 487 
unilateral agenesis, 487 
UV] obstruction, 489 
VURs, 487, 488 
Uropathy (ies) 


ante-and postnatal diagnosis, PUJ obstruction, 482, 


483 
high-grade VUR, 21 
neonatal VUR, 480-482, 487 
obstructive (see Obstructive uropathies) 
preoperative diagnosis, 52 
US examination, 483 
Uroradiology 
ESPR, 346, 793 
pediatric application, 135, 268 
reports in 
kidneys, 128 
pelvicaliceal dilatation, 130-131 
renal parenchymal morphology, 129-130 
renal size, 128-129 
urethra, 131 
urinary bladder, 131 
urogenital tract, anatomy of, 128 
Urosepsis, 232, 233, 236-237 
Urothelial neoplasms, 699 
US. See Ultrasound (US) 
US contrast agent (UCA), 15 
ce-VUS, 17, 18 
in paediatric applications, 16 
techniques, 17 
US Food and Drug Administration (FDA), 43 
UTD. See Urinary tract dilatation (UTD) 
UTIs. See Urinary tract infections (UTIs) 


V 
Vaginal malignancies, 701 
Varicocele, 380, 669, 758-759 
Vascular access, 301, 302, 631, 632 
Vascular interventions 
embolotherapy, genitourinary system 
NCS, renal vein stenting, 759-760 
priapism, 757-758 
renal arterial embolization, 756-757 


varicocele, internal spermatic vein embolization, 


758-159 
percutaneous renal angioplasty 

cross-sectional imaging, 752, 753 
procedural and technique, 753-756 
PTRA, 752-756 
renal vein renin sampling, 753 
renovascular hypertension, 752-753 

Vascular supply, 151, 152, 639 

Vasculitis, 223-224, 601 

Vasoactive factors, 48, 49 

VCUG. See Voiding cystourethrography (VCUG) 

Veno-occlusive disease (VOD), 676 


Vesicoureteral reflux (VUR), 9, 16, 270, 274, 767-769, 


715-776 
and bladder diverticulum, 519 
chemoprophylaxis, 241 
classification, 241—242 
complications, 271, 521 
conservative treatment, 520 


contrast-enhanced voiding urosonography, 510-511 
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continuing susceptibility, patients with, 247 
cystoscopic injection, 516 
definition, 241—242 
de novo VUR, 274 
detection of 
familial occurrence, 514, 515 
fetal anomalies, antenatal diagnosis, 512-513 
nonneurogenic bladder-sphincter dysfunction, 513 
urinary tract infection, 513-514 
diagnosis, 243—244 
DMSA scanning, 522 
DRNC, 505-506 
and duplex kidneys, 518 
ectopic kidney, 163, 518 
endoscopic treatment, 521 
epidemiology, 243 
etiology, 242 
fetal reflux nephropathy, 512, 521-522 
genetic basis, 200 
grading of, 504, 505 
iatrogenic, 518-519 
intrarenal dilatation, 541 
intravenous urography, 511 
IRC, 506-507 
management, 541 
megacystis-megaureter association, 517, 518 
multicystic dysplastic kidney, 519, 520 
natural history, 520 
pathogenesis, 242 
postoperative imaging, 270-271 
primary fetal reflux, 520 
progressive renal damage, 503 
and PUJO, 515, 516 
reflux and lithiasis, 515, 517 
reflux nephropathy, 242-243, 247 
renal damage, 234 
renal disease progression 
antireflux bulcking material injection, 521, 522 
reflux nephropathy, 522, 523 
UTI nephropathy, 522 
renal scarring, 242-243 
secondary, 513 
submucosal agent injection, 541 
suprainfection, 516 
surgery 
findings and indication for, 270 
procedures, 270 
treatment, 520-521 
symptoms, 243 
therapy 
long-term antibacterial prophylaxis, 
245-246 
surgical correction, 246 
US, 167-168 
anomalies, 508, 509 
Color Doppler sonography, 508 
direct cystography, 509 
non-irradiating technique, 504 
patient screening, 507 
signs, 508 


uro-nephropathies, 487, 488 
UTD, 260, 262 
and UVJ obstruction, 515, 516 
VCUG, 239, 504-505 
voiding dysfunction 
anticholinergics, 417, 418 
antirefluxive surgery techniques, 418-419 
clinical implication, 417 
daytime urinary incontinence, 418 
dysfunctional elimination syndromes, 418 
non-neurogenic neurogenic bladder, 417 
reflux nephropathy, 417, 418 
unstable bladder, 417, 418 
upper urinary tract abnormalities, 418 
yo-yo reflux, 516 
Video urodynamics (VUD) 
applications, 125 
EMG tracings, 124 
findings, 125 
indications, 125 
neurogenic bladder dysfunction, 125 
procedure, 124 
Virtual contrast technique, 621 
VOD. See Veno-occlusive disease (VOD) 
Voiding cystourethrography (VCUG), 792, 794 
boy with dysuria, 319 
cyclic, 504, 507 
cystic renal disease, 573 
ectopic kidney, 181 
equipment, 21 
indications, 21 
kidney malrotation, 179, 180 
limitations, 504, 507 
micturition phase, 504-505 
MR, 83 
in neonates 
prune-belly syndrome, 317, 318 
suprapubic catheter, 316, 317 
and ultrasound, 317, 318 
preparation, 21—22 
procedure, 22—24 
prune belly syndrome, 497-498 
pulsed fluoroscopy cystographic technique, 504 
PUV, 272-273 
renal failure, 657—658 
retrograde filling, vagina, 507 
urethral obstruction, 504, 507 
urinary tract infection and vesicoureteric reflux, 
715-776 
UTD, 260, 261 
UTI, 239, 550 
UVJ, 269 
VUR, 244, 246, 270 
left grade I, 504, 505 
bilateral grade II, 504, 505 
bilateral grade II, 504, 506 
bilateral grade IV, 504, 506 
bilateral grade V, 504, 506 
Voiding dysfunction. See Non-neurogenic 
bladder-sphincter dysfunction 
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Volumetric differential function, 44, 45 

Von Hippel-Lindau (VHL) syndrome, 202-203, 681 
VUD. See Video urodynamics (VUD) 

VUR. See Vesicoureteral reflux (VUR) 


W 

Wegener’s granulomatosis, 600, 601 
Whitaker perfusion test, 734-736, 741 
Wide bladder neck anomaly (WBNA), 426 
William’s syndrome, 286, 421, 655 
Wilms’ tumor (WT). See Nephroblastoma 
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X 

Xanthinuria, 289 

Xanthogranulomatous pyelonephritis (XPN), 
559-560, 691 

X-linked hypophosphatemic rickets, 225, 602 

X-linked Lesch-Nyhan syndrome, 288 


Y 
Yolk sac tumour, 376, 377 


